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SUMMARY 
The g e n e r a l o b j e c t i v e of t h i s s t u d y was t o d e v e l o p new random 
s a m p l i n g m e t h o d o l o g i e s f o r u s e i n work s a m p l i n g . These m e t h o d o l o g i e s 
a r e b a s e d on c e r t a i n t h e o r i e s and p r a c t i c e s which have a l r e a d y been 
t e s t e d b y p r a c t i t i o n e r s i n s u r v e y s a m p l i n g . S p e c i f i c o b j e c t i v e s were 
( l ) t o e x p l o r e t h e l i m i t a t i o n s of s i m p l e random s a m p l i n g , t h e conven ­
t i o n a l a p p r o a c h i n work s a m p l i n g , (2) t o d e v e l o p a work s a m p l i n g model 
which employs t h e c o n c e p t of s t r a t i f i c a t i o n f o r d e s i g n i n g more e f f i c i e n t 
s a m p l i n g m e t h o d s , (3) t o d e v i s e a means f o r a c c u r a t e l y t r e a t i n g work 
s a m p l i n g d a t a which a r e c o l l e c t e d i n c l u s t e r s , and {U) t o p r e s e n t methods 
f o r t h e e f f i c i e n t d e s i g n of work samples which cove r a c t i v i t i e s t h a t a r e 
t o o s c a t t e r e d , g e o g r a p h i c a l l y , t o a l l o w t h e u se of s i m p l e m e t h o d s . 
P r i o r t o c o n s i d e r i n g t h e o b j e c t i v e s enumera ted a b o v e , t h e s t u d y 
p r e s e n t s a comprehens ive r e v i e w of work s a m p l i n g h i s t o r y , commencing w i t h 
i t s i n c e p t i o n by L. H. C. T i p p e t t of t h e B r i t i s h t e x t i l e i n d u s t r y , and 
t e r m i n a t i n g w i t h t h e most r e c e n t d e v e l o p m e n t s i n t h e f i e l d . The r e v i e w 
i s o r i e n t e d toward l i t e r a t u r e which d e a l s w i t h t h e o r e t i c a l r a t h e r t h a n 
a p p l i e d a s p e c t s of t h e t o o l . 
I n t h e a n a l y s i s of s imp le random s a m p l i n g , t h e c o n v e n t i o n a l a p p r o a c h 
t o work s a m p l i n g , a g e n e r a l p a t t e r n i s s e t f o r t h e e n t i r e s t u d y . A d i s ­
c u s s i o n p e r t a i n i n g t o wha t t h e s a m p l i n g u n i t s h o u l d be i n work sampl ing 
r e s u l t s i n t h e c h o i c e of an " i n s t a n t " of t ime a s t h e b a s i c u n i t , b u t 
s e l e c t e d i n a manner which i s a d m i n i s t r a t i v e l y c o n v e n i e n t and t h e o r e t i c a l l y 
a c c e p t a b l e . The g e n e r a l t e r m i n o l o g y and n o t a t i o n f o r t h e e n t i r e s t u d y i s 
X 
i n t r o d u c e d w i t h r e s p e c t t o t h e s i m p l e random work s a m p l i n g mode l , and 
g r a p h i c a l means f o r d e s i g n i n g s i m p l e random work samples f o r s t a t e d l e v e l s 
of p r e c i s i o n a r e p r e s e n t e d . 
An i n v e s t i g a t i o n of t h e v a r i a t i o n of t h e sample v a r i a n c e f o r a 
s i m p l e random e s t i m a t o r r e s u l t s i n a g r a p h which a l l o w s t h e p r a c t i t i o n e r 
t o a s c e r t a i n t h e e r r o r i n v o l v e d i n e s t i m a t i n g t h e t r u e v a r i a n c e by u s i n g 
t h e sample v a r i a n c e . A c o s t model i s d e v e l o p e d f o r t h e s i m p l e random d e s i g n 
wh ich encompasses t h e componen t s ; ( l ) f i x e d c o s t s , (2) s a m p l i n g c o s t s , and 
(3 ) " l o s s due t o e r r o r " c o s t s , A method f o r d e s i g n i n g t h e sample t o m i n i ­
mize t o t a l c o s t s ( o r t o a c h i e v e a s t a t e d c o s t ) i s compared w i t h t h e method 
of d e s i g n i n g f o r a s t a t e d p r e c i s i o n , and t h e r e s u l t i n g a n a l y s i s i l l u s t r a t e s 
t h e a p p r o a c h t o u s e i n t h e f i n a l s e l e c t i o n of a sample s i z e . 
The s i m p l e random work s amp l ing mode l , and t h e a s s u m p t i o n s p e r ­
t a i n i n g t h e r e t o , a r e d e m o n s t r a t e d and t e s t e d by s i m u l a t e d s a m p l i n g of a 
h y p o t h e t i c a l a c t i v i t y I n t r o d u c e d f o r t h a t p u r p o s e . R e s u l t s of t h e s i m u l a ­
t i o n a r e g i v e n and compared w i t h t h e t h e o r e t i c a l p r e d i c t i o n s t o show t h a t 
t h e e s t i m a t o r s may be a p p r o x i m a t e d by n o r m a l d i s t r i b u t i o n s , and t h a t 
e s t i m a t o r means and v a r i a n c e s a r e a d e q u a t e l y d e s c r i b e d by t h e s i m p l e r a n ­
dom m o d e l . 
The c o n c e p t o f s t r a t i f i c a t i o n i s i n t r o d u c e d by c i t i n g some common 
p o p u l a t i o n s t r u c t u r e s i n work s a m p l i n g which a r e amenable t o s t r a t i f i c a ­
t i o n . G e n e r a l e s t i m a t o r s and t h e i r v a r i a n c e s a r e p r e s e n t e d f o r s t r a t i f i e d 
random work s a m p l i n g and i n v e s t i g a t i o n s of o p t i m a l a l l o c a t i o n s of t h e sam­
p l e t o t h e s t r a t a a r e p r e s e n t e d . A f t e r c o n s i d e r i n g a l l o c a t i o n s t o min imize 
e s t i m a t o r v a r i a n c e , and a l l o c a t i o n s t o min imize t o t a l s a m p l i n g c o s t s , s u b ­
j e c t t o s t a t e d sample s i z e s , i t i s c o n c l u d e d t h a t t h e s e l f - w e i g h t i n g f e a t u r e 
x i 
and t h e s i m p l i c i t y of p r o p o r t i o n a l a l l o c a t i o n make t h i s method more c o n ­
d u c i v e t o work s a m p l i n g u s e s . The n a t u r e of g a i n s i n p r e c i s i o n of p r o p o r ­
t i o n a l s t r a t i f i e d random work s a m p l i n g o v e r s imp le random work s a m p l i n g 
i s shown q u a n t i t a t i v e l y i n t e rms of t h e v a r i a n c e be tween s t r a t a . The 
g a i n i s a l s o i l l u s t r a t e d by d e s i g n i n g a sample t o y i e l d an e s t i m a t o r w i t h 
t h e same p r e c i s i o n , b u t r e q u i r i n g f ewer o b s e r v a t i o n s t h a n t h e s i m p l e r a n ­
dom e s t i m a t o r . 
The s t r a t i f i e d model i s a l s o i l l u s t r a t e d by s i m u l a t e d s a m p l i n g 
of t h e same h y p o t h e t i c a l a c t i v i t y p r e v i o u s l y i n t r o d u c e d . Compar i sons 
a r e made of t h e r e s u l t s from t h e s t r a t i f i e d samples and t h o s e from t h e 
s i m p l e random s a m p l e s . 
A g e n e r a l c o s t model i s d e v e l o p e d f o r t h e s t r a t i f i e d e s t i m a t o r and 
d e s i g n c o n s i d e r a t i o n s f o r m i n i m i z i n g t o t a l c o s t s o r f o r d e s i g n i n g t o a 
s t a t e d c o s t a r e g i v e n . The n e c e s s i t y of b a l a n c i n g t h e sample d e s i g n i n 
t e r m s of c o s t s and p r e c i s i o n i s d i s c u s s e d and i l l u s t r a t e d . 
An a n a l y s i s of t h e a s s u m p t i o n of i n d e p e n d e n c e be tween work s a m p l i n g 
o b s e r v a t i o n s made s i m u l t a n e o u s l y i n g r o u p s i n d i c a t e s t h e need f o r a work 
s a m p l i n g model which i s f r e e of t h i s a s s u m p t i o n . The t e c h n i q u e s of c l u s ­
t e r s a m p l i n g i n s u r v e y p r a c t i c e s a r e drawn upon f o r d e v e l o p i n g models f o r 
c l u s t e r work s a m p l i n g when t h e p o p u l a t i o n s e i t h e r a r e o r a r e n o t s t r a t i f i e d . 
The p a t t e r n s e t by t h e deve lopmen t of t h e o t h e r models i s f o l l o w e d i n 
d e v e l o p i n g e s t i m a t o r s , t h e i r v a r i a n c e s , and d e s i g n c h a r a c t e r i s t i c s i n 
t e r m s of b o t h p r e c i s i o n and c o s t s . A model f o r t h e c a s e of s i m p l e 
s a m p l i n g of c l u s t e r s i s p r e s e n t e d f o r b o t h v a r i a b l e and c o n s t a n t c l u s t e r 
s i z e s . I n v e s t i g a t i o n shows t h a t t h e v a r i a t i o n i n s i z e s of c l u s t e r s i n 
work s a m p l i n g i s u s u a l l y s m a l l enough t o p e r m i t t h e u s e of c o n s t a n t c l u s t e r 
x i i 
s i z e t h e o r y . 
V a r i a n c e c o m p a r i s o n s a r e made be tween c l u s t e r s a m p l i n g and s i m p l e 
random s a m p l i n g ; however , t h e b a s i c g a i n s i n t h e u se of c l u s t e r s amp l ing 
o v e r s i m p l e random s a m p l i n g a r e shown t o be i n t h e form of c o s t s . Cos t 
models f o r b o t h s i m p l e random and s t r a t i f i e d random s a m p l i n g of t h e 
c l u s t e r s a r e d e v e l o p e d and t o t a l c o s t s compared be tween t h e s e and s i m p l e 
random work s a m p l i n g c o s t s . 
Computer s i m u l a t i o n a f f o r d s a means of i l l u s t r a t i n g t h e c l u s t e r 
models i n t h e same manner t h a t was u s e d i n t h e p r e v i o u s c a s e s . The r e ­
s u l t s of t h e s i m u l a t i o n s a r e p r e s e n t e d a l o n g w i t h t h o s e p r e d i c t e d by t h e 
t h e o r y t o show t h e i r c l o s e agreement, , 
The f i n a l model p r e s e n t e d i n t h e s t u d y i s f o r t h e a n a l y s i s of 
l a r g e complex a c t i v i t i e s , s i t u a t e d p e r h a p s a t s e v e r a l g e o g r a p h i c l o c a ­
t i o n s o These a c t i v i t i e s a r e p r e s e n t e d a s p o p u l a t i o n s t r u c t u r e s which a r e 
made up of s e v e r a l l e v e l s o r s t a g e s such a s f a c t o r i e s , d e p a r t m e n t s w i t h i n 
f a c t o r i e s , work c e n t e r s w i t h i n d e p a r t m e n t s , e t c . The g e n e r a l method of 
s a m p l i n g which i s p r e s e n t e d i n t h i s c a s e i s c a l l e d M u l t i - S t a g e Work 
S a m p l i n g . The model a c t u a l l y d e v e l o p e d i n t e r m s of s t a g e s i s found t o be 
of l i t t l e p r a c t i c a l u s e i n most work s a m p l i n g s i t u a t i o n s , and I s t h u s u sed 
t o i n t r o d u c e more r e a l i s t i c means of s a m p l i n g . The major d i s a d v a n t a g e of 
t h e g e n e r a l model i s t h a t i t r e q u i r e s e q u a l s i z e u n i t s a t e a c h s t a g e of 
s a m p l i n g . In a d d i t i o n , t h e e s t i m a t o r v a r i a n c e s become p r o h i b i t i v e l y d i f ­
f i c u l t t o w r i t e when s e v e r a l s t a g e s of s a m p l i n g a r e u s e d w i t h d i f f e r e n t 
s a m p l i n g schemes a t e a c h l e v e l . 
The methods d e v e l o p e d f o r c i r c u m v e n t i n g t h e p r o b l e m s a s s o c i a t e d 
w i t h t h e g e n e r a l M u l t i - S t a g e model a r e : ( l ) s a m p l i n g w i t h p r o b a b i l i t i e s 
x i i i 
p r o p o r t i o n a l t o s i z e and (2) s ampl ing w i t h e q u a l p r o b a b i l i t i e s from " p a p e r 
z o n e s " wh ich a l l o w t h e c r e a t i o n of u n i t s of e q u a l s i z e . In t h e f i r s t 
c a s e , t h e p o p u l a t i o n s t r u c t u r e i s k e p t i n t a c t and u n i t s a r e s e l e c t e d f o r 
t h e sample w i t h p r o b a b i l i t i e s p r o p o r t i o n a l t o t h e i r s i z e s . In t h e l a t t e r 
c a s e , t h e p o p u l a t i o n i s r e s t r u c t u r e d i n such a way t h a t " p a p e r z o n e s " of 
e q u a l s i z e a r e formed and s u b s e q u e n t l y sampled i n a s i m p l e f a s h i o n . E s t i ­
m a t o r s and t h e i r v a r i a n c e s a r e d e v e l o p e d f o r e ach of t h e s e p r o c e d u r e s . 
The s t u d y i s c o n c l u d e d w i t h t h e p r e s e n t a t i o n of a p r o c e d u r e f o r 
c h o o s i n g t h e p r o p e r work sample d e s i g n i n a g i v e n s i t u a t i o n . T h i s r e s u l t s 
i n a need f o r t h e p r a c t i t i o n e r t o be r e a s o n a b l y f a m i l i a r w i t h t h e a c t i v i t y 
b e i n g sampled i n o r d e r t o be a b l e t o p r o v i d e t h e answers t o a s e r i e s of 




P u r p o s e s 
The p r i m a r y p u r p o s e of t h i s s t u d y i s t o d e v e l o p more e f f i c i e n t 
methods of c o n d u c t i n g work s a m p l i n g s t u d i e s u s i n g s a m p l i n g t e c h n i q u e s 
which have been used s u c c e s s f u l l y i n t h e f i e l d of s u r v e y s a m p l i n g . Th i s 
s t u d y w i l l show t h a t knowledge of t h e p o p u l a t i o n s t r u c t u r e u n d e r s t u d y may 
be e x p l o i t e d i n d e s i g n i n g t h e s a m p l i n g method , r e s u l t i n g i n a more e f f i ­
c i e n t p r a c t i c e a s measured by t h e a c c u r a c y of t h e r e s u l t s and t h e o v e r a l l 
c o s t of t h e s t u d y . R e l e v a n t knowledge of t h e p o p u l a t i o n , r e q u i r e d f o r a 
more e f f i c i e n t s a m p l i n g d e s i g n , u s u a l l y i s n o t d i f f i c u l t t o o b t a i n . T h a t 
i n d i v i d u a l w o r k e r s show a marked d i f f e r e n c e i n p e r f o r m a n c e , t h a t c e r t a i n 
days a r e more s u s c e p t i b l e t o work s t o p p a g e s t h a n o t h e r s , and t h a t w o r k e r s 
p e r f o r m t h e i r d u t i e s i n teams a r e examples of t h e types - of i n f o r m a t i o n r e ­
q u i r e d . 
S t u d y r e s u l t s w i l l a p p e a r i n t h e form of s a m p l i n g m o d e l s , c a t e ­
g o r i z e d as f o l l o w s : 
(1 ) S imple Random Work Sampl ing 
(2 ) S t r a t i f i e d Random Work S a m p l i n g 
(3 ) C l u s t e r Work S a m p l i n g 
(U) M u l t i - S t a g e Work S a m p l i n g . 
Each of t h e f i r s t t h r e e models r e p r e s e n t s a u n i q u e way of s a m p l i n g whe reas 
t h e f o u r t h model i s a method of s a m p l i n g which may employ one o r more of 
t h e f i r s t t h r e e mode l s a p p l i e d i n v a r i o u s ways a t s e v e r a l s t a g e s of s a m p l i n g . 
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The g a i n s o v e r c o n v e n t i o n a l methods which one may a c h i e v e by employ­
i n g t h e s e c a t e g o r i z e d work sampl ing mode l s w i l l be d e p i c t e d i n t e rms of 
b o t h t h e p r e c i s i o n * of t h e e s t i m a t o r s and t h e o v e r a l l c o s t s of t h e s t u d y . 
I l l u s t r a t i v e e x a m p l e s , p o r t r a y i n g b o t h t h e s a m p l i n g scheme and t h e r e l a ­
t i v e economic g a i n s of e ach mode l , w i l l be i n c o r p o r a t e d . Compar isons w i l l 
be made be tween each model and t h e c o n v e n t i o n a l method of s i m p l e random work 
s a m p l i n g . F i n a l l y , d e c i s i o n r u l e s f o r d e t e r m i n i n g t h e b e s t method of work 
s a m p l i n g i n s p e c i f i c s i t u a t i o n s w i l l be s p e c i f i e d . 
The N a t u r e and I m p o r t a n c e o f Work Sampl ing 
The e x t e n s i v e u s e of work s a m p l i n g d a t a i n m a n a g e r i a l a c t i v i t i e s , 
a s e v i d e n c e d by t h e l i t e r a t u r e s u r v e y i n c l u d e d h e r e i n , a p p e a r s t o w a r r a n t 
a q u e s t f o r more e f f i c i e n t s a m p l i n g m e t h o d s . There i s r e a s o n t o b e l i e v e 
t h a t work s a m p l i n g methods can be improved b y a s t u d y of t h e i r t h e o r e t i c a l 
f o u n d a t i o n . 
The measurement of work i s an i m p o r t a n t p a r t of t h e i n d u s t r i a l 
e n g i n e e r ' s d u t i e s , and c o n s i d e r a b l e a t t e n t i o n h a s been g i v e n t h i s t o p i c 
s i n c e F . W. T a y l o r i n t r o d u c e d t h e c o n c e p t s of work s t u d y i n 1 8 8 8 . Work 
s a m p l i n g h a s e v o l v e d from e f f o r t s t o improve methods of m e a s u r i n g t h e 
t i m e wh ich w o r k e r s d e v o t e t o v a r i o u s e l e m e n t s of work a c t i v i t i e s . * * 
A t t e m p t s t o a s c e r t a i n t h e amount of i d l e t i m e i n a j o b r e s u l t e d i n t h e 
f i r s t ma jo r u se of s a m p l i n g methods i n work s t u d i e s ; t h e s e a r e commonly 
r e f e r r e d t o a s " r a t i o - d e l a y " s t u d i e s ( 3 9 ) . E x t e n s i o n s of r a t i o - d e l a y 
The t e r m " p r e c i s i o n , " a s u s e d i n t h i s s t u d y , r e f e r s t o t h e v a r i ­
a b i l i t y of an e s t i m a t o r , and i n t h e c a s e of u n b i a s e d e s t i m a t o r s , may be 
r e g a r d e d a s synonymous w i t h a c c u r a c y . 
The word " a c t i v i t y " i s u sed t o d e s c r i b e t h e engagement of one o r 
more s u b j e c t s i n a d e s i g n a t e d a c t i o n of any t y p e . 
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t e c h n i q u e s t o t h e s t u d y of i n d i r e c t work , u t i l i z a t i o n s t u d i e s of equ ipmen t 
and men, and t h e measurement of r e l a t i v e l y n o n - r e p e t i t i v e work have 
r e s u l t e d i n a t o o l wh ich i s f r e q u e n t l y u t i l i z e d by i n d u s t r i a l e n g i n e e r s . 
T h i s t o o l i s b e t t e r d e s c r i b e d by t h e b r o a d e r t e rm "work s a m p l i n g . " 
The f a c t t h a t work s a m p l i n g can be a p p l i e d f o r m e a s u r i n g a b r o a d 
r a n g e of a c t i v i t i e s makes i t a w i d e l y u s e d method of a n a l y s i s . T h i s i s 
e s p e c i a l l y t r u e i n t h e c u r r e n t t e c h n o l o g i c a l age i n which i n d u s t r i a l 
e n g i n e e r i n g a n a l y s e s a r e b e i n g d i r e c t e d t o w a r d s a t o t a l s y s t e m s a p p r o a c h . 
Work s a m p l i n g i s of i m p o r t a n c e i n t h e f a c t f i n d i n g s t a g e of m a n a g e r i a l 
d e c i s i o n making p r o c e s s e s , and p r o p e r a n a l y s i s of t h e d a t a u s i n g s t a t i s ­
t i c a l me thodo logy i s p r o f i t a b l e i n p r o v i d i n g r a t i o n a l , r e l i a b l e d e c i s i o n s . 
I t , a s w e l l a s o t h e r s t a t i s t i c a l s a m p l i n g t e c h n i q u e s , becomes more i m p o r t ­
a n t a s t h e scope of a n a l y s i s e n l a r g e s . In t h i s r e s p e c t , improvements i n 
t h e a n a l y t i c a l m a c h i n e r y u s e d a c q u i r e g r e a t e r s i g n i f i c a n c e . 
The most common p r o c e d u r e f o r s a m p l i n g on a c t i v i t y u t i l i z e s t h e o r y 
which r e q u i r e s r a n d o m l y - s p a c e d o b s e r v a t i o n s . * F o r example , i f a m a c h i n i n g 
o p e r a t i o n i s s t u d i e d f o r t h e p u r p o s e of d e t e r m i n i n g t h e p r o p o r t i o n of 
t o t a l t i m e s p e n t i n each of t h r e e c a t e g o r i e s , s a y ( l ) m a c h i n i n g , (2) l o a d 
and u n l o a d , and (3) n o n - p r o d u c t i v e , a s e r i e s of n o b s e r v a t i o n s of t h e 
p r o c e s s i s made a t random and t h e s t a t e of t h e p r o c e s s i s r e c o r d e d each 
t i m e i t i s o b s e r v e d . The r a t i o s n-^/n, n ^ / n , and n ^ / n ( r e f e r r e d t o 
l a t e r a s p-^, p ^ , and p ^ ) r e p r e s e n t u n b i a s e d e s t i m a t e s of t h e t r u e 
The u s e of random o b s e r v a t i o n s e r a s e s many t h e o r e t i c a l c o m p l i c a ­
t i o n s s i n c e p r o b a b i l i t y t h e o r y can o n l y be a p p l i e d i n a n a l y s e s when o b s e r ­
v a t i o n s have been made a t random. Whi le i t i s somet imes a d v a n t a g e o u s 
from a p r a c t i c a l p o i n t of v iew t o u s e some o t h e r manner of s e l e c t i n g o b ­
s e r v a t i o n s , t h i s s t u d y w i l l , i n g e n e r a l , d e a l w i t h random s a m p l i n g . A 
s i t u a t i o n which r e p r e s e n t s t h e most common l o g i c a l d e p a r t u r e from random­
n e s s i s s y s t e m a t i c s a m p l i n g , which i n v o l v e s o n l y a random s t a r t i n g p o i n t . 
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p r o p o r t i o n s of t ime s p e n t i n each c a t e g o r y ( r e p r e s e n t e d by P ^ , P g , and 
P ^ ) , where n^ r e p r e s e n t s t h e number of t h e n o b s e r v a t i o n s a t which 
t h e a c t i v i t y was found t o be i n t h e i t h s t a t e . 
The t y p i c a l a p p r o a c h i s t o make p r e l i m i n a r y e s t i m a t e s of P-^, P 2 , 
and P^ and u s e t h e s e i n d e t e r m i n i n g t h e t o t a l number of o b s e r v a t i o n s , 
n , wh ich w i l l be n e e d e d t o p r o v i d e an e s t i m a t e ^ p ^ , wh ich w i l l be 
w i t h i n a s e a t e d d i s t a n c e d of t h e t r u e v a l u e , P^« T h i s d e t e r m i n a t i o n 
i s made by u s i n g t h e f a c t t h a t t h e random v a r i a b l e p ^ i s a p p r o x i m a t e l y 
b i n o m i a l l y d i s t r i b u t e d and h a s a v a r i a n c e e q u a l t o 
i n wh ich N i s t h e t o t a l number of p o s s i b l e o b s e r v a t i o n s . I f t h e d e s i r e d 
l e v e l of r e l i a b i l i t y i s 1 - a , t h e n t h i s s amp l ing r e q u i r e m e n t becomes 
{ - d < p i - P ± < d ) = 1 - a . (2 ) 
Now, i f n I s s u f f i c i e n t l y l a r g e and n o t a s i g n i f i c a n t p o r t i o n of N 
(which p r e s e n t s no p r o b l e m i n work s a m p l i n g s i n c e N i s assumed t o be 
v e r y l a r g e ) , t h e n one may use t h e no rma l a p p r o x i m a t i o n t o t h e b i n o m i a l 
d i s t r i b u t i o n and may e x p r e s s e q u a t i o n (2) a s : 
P / - J L < P i .7 ? i < J * - U 1 - a . (3 ) 
1 ^ 0 °r, J 
v P . p. P. J 
P . - P . 
The t e r m —i —1 i s a p p r o x i m a t e l y a s t a n d a r d normal v a r i a b l e w i t h a 
% 
mean e q u a l t o z e r o and a v a r i a n c e e q u a l t o o n e . Upon s u b s t i t u t i n g t h e 
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u p p e r a / 2 p e r c e n t a g e p o i n t of t h e s t a n d a r d normal d i s t r i b u t i o n , K a / 2 , 
i n t o e q u a t i o n ( 3 ) , t h e f o l l o w i n g e x p r e s s i o n i s a p p a r e n t : 
- ^ a / 2 - ' w 
^ ^ ^ ± ( 1 - P . ) a 
P 
1 
front; wh ich 
d^ 
(5) 
Us ing t h i s e x p r e s s i o n and the p r e l i m i n a r y e s t i m a t e s of t h e P ^ ' s , t h e 
t o t a l sample s i z e , n , f o r a s t a t e d v a l u e of d , may be d e t e r m i n e d . The 
u s u a l p r o c e d u r e i s to c a l c u l a t e a v a l u e of n f o r e ach P . and t h e n choose 
I 
t h e one which i s l a r g e s t . Th i s p r a c t i c e r e s u l t s i n a h i g h e r r e l i a b i l i t y 
t h a n t h a t s p e c i f i e d f o r a l l t h e o t h e r P ^ ' s . The c h o i c e of d i n t h i s 
a n a l y s i s i s an economic c o n s i d e r a t i o n and i s a f u n c t i o n o f t h e " l o s s due 
t o e r r o r " i n t h e e s t i m a t e s , a component o f c o s t which w i l l be c o n s i d e r e d 
i n more d e t a i l l a t e r . I t s h o u l d be m e n t i o n e d a t t h i s p o i n t b e c a u s e a v a l u e 
of d i s o f t e n chosen a r b i t r a r i l y and w i t h o u t c a r e f u l r e g a r d t o i t s 
economic c o n s e q u e n c e s . 
The v a l u e of a r e f l e c t s t h e l e v e l of c o n f i d e n c e t h e d e c i s i o n 
maker d e s i r e s t o have i n a c h i e v i n g t h e s t a t e d p r e c i s i o n ; e . g . , he may 
w i s h t h e e s t i m a t e , p , t o be w i t h i n 0 . 0 2 of t h e t r u e p r o p o r t i o n , P , 
w i t h a p r o b a b i l i t y of 0 . 9 9 , i n which c a s e a i s 0 . 0 1 . T h i s means t h a t 
s h o u l d t h e e s t i m a t i o n p r o c e s s be r e p e a t e d a l a r g e number of t i m e s , t h e 
e s t i m a t e would be e x p e c t e d t o f a l l f a r t h e r t h a n 0 . 0 2 from P o n l y one 
The OL/2 p e r c e n t a g e p o i n t of t h e no rma l d i s t r i b u t i o n i s t h a t 
p o i n t where Oc/2 of t h e a r e a u n d e r t h e c u r v e f a l l s t o t h e r i g h t of i t . 
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p e r c e n t of t h e t i m e . 
Improvements i n Work Sample Des ign 
When t h e f o r e g o i n g p r o c e d u r e i s f o l l o w e d , t h e s t a t e d l e v e l s of 
r e l i a b i l i t y i n t h e e s t i m a t e s ( r e f l e c t e d b y - t h e assumed v a l u e s of d and 
(X) a r e f a i r l y c e r t a i n of b e i n g o b t a i n e d , t h e u n c e r t a i n t y b e i n g t h a t a s s o ­
c i a t i o n w i t h t h e a p p r o x i m a t i o n of t h e b i n o m i a l d i s t r i b u t i o n . However t h i s 
r e l i a b i l i t y i s o f t e n o b t a i n e d a t t h e e x p e n s e of t a k i n g l a r g e s a m p l e s . 
Whi le t h e c o l l e c t i o n of d a t a i s n o t t h e o n l y c o n t r i b u t i o n t o expense i n 
work s a m p l i n g s t u d i e s , i t u s u a l l y r e p r e s e n t s t h e major p o r t i o n ; hence 
l a r g e samples mean c o s t l y s t u d i e s . A s a m p l i n g scheme which would a t t a i n 
t h e same p r e c i s i o n a s some o t h e r scheme, b u t w i t h a s m a l l e r s a m p l e , would 
t h u s have t h e p o t e n t i a l of b e i n g a more d e s i r a b l e scheme i n t e r m s of 
c o s t . The components of c o s t s a s s o c i a t e d w i t h each of t h e s a m p l i n g schemes 
p r e s e n t e d l a t e r i n t h i s s t u d y w i l l be e n u m e r a t e d and i n v e s t i g a t e d . I t 
may be o b s e r v e d , t h a t i n g e n e r a l , t oo l a r g e a sample r e s u l t s i n a w a s t e 
of r e s o u r c e s , w h e r e a s t o o s m a l l a sample d i m i n i s h e s t h e u t i l i t y of t h e 
r e s u l t s . I t i s t h e p r o p e r b a l a n c e of t h e s e two f a c t o r s wh ich r e s u l t s i n 
t h e " c o r r e c t " o r most e f f i c i e n t sample s i z e . 
S a m p l i n g p r a c t i c e s have been d e v e l o p e d i n t h e f i e l d of s u r v e y 
s a m p l i n g which a l l o w t h e u s e of known p o p u l a t i o n c h a r a c t e r i s t i c s i n 
d e s i g n i n g t h e sample t o a c h i e v e g r e a t e r e f f i c i e n c y . In t h e s t u d y which 
f o l l o w s , an a n a l y s i s of work s a m p l i n g p r o b l e m s i n t h e l i g h t of s u r v e y 
s a m p l i n g t e c h n i q u e s i s p r e s e n t e d f o r t h e p u r p o s e of i m p r o v i n g t h e s a m p l i n g 
p r o c e d u r e i n work s a m p l i n g s t u d i e s and t h e r e b y i n c r e a s i n g t h e o v e r a l l e f f i ­
c i e n c y of such s t u d i e s . E f f i c i e n c y w i l l be measured i n t e r m s of c o s t s 
a n d / o r p r e c i s i o n of t h e e s t i m a t o r s . The v a r i o u s models wh ich a r e p r e s e n t e d 
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a r e d e v e l o p e d i n such a way t h a t t h e c o s t s a s s o c i a t e d w i t h e a c h p r o c e d u r e 
a r e an i n t e g r a l p a r t of t h e mode l . The n a t u r e of t h e improvements which 
each s a m p l i n g model a f f o r d s i s i n d i c a t e d i n t h e f o l l o w i n g s y n o p s e s . 
S i m p l e Random Work S a m p l i n g 
The work s a m p l i n g p r o c e d u r e i l l u s t r a t e d e a r l i e r i n t h i s c h a p t e r 
w i l l be r e f e r r e d t o a s S imp le Random Work Sampl ing and w i l l be d i s c u s s e d 
more f u l l y i n C h a p t e r I I I . Th i s method o f s a m p l i n g r e p r e s e n t s one of t h e 
f o u r b a s i c models t o be p r e s e n t e d . Each of t h e b a s i c models w i l l r e f l e c t 
t h e p r i m a r y o b j e c t i v e of work s a m p l i n g , which i s t o o b t a i n r e l i a b l e e s t i ­
m a t e s of t h e P ^ ' s , t h e f r a c t i o n of t ime s p e n t p e r f o r m i n g t h e i t h e l e m e n t 
of an a c t i v i t y o v e r a t i m e p e r i o d T. T i s t h e p e r i o d of t h e s t u d y and 
mus t be r e p r e s e n t a t i v e of f u t u r e p e r i o d s of a c t i v i t y i f t h e e s t i m a t e s a r e 
t o be u s e d f o r p r e d i c t i v e p u r p o s e s . The n a t u r e * o f t h i s r e q u i r e m e n t i s a n a ­
l y z e d and e x p l a i n e d more f u l l y i n C h a p t e r V I I . 
I f T, t h e span of t h e s t u d y , i s measured i n some f i n i t e u n i t of 
t i m e , t h e p o p u l a t i o n b e i n g sampled may be c o n c e i v e d a s c o n s i s t i n g of a 
f i n i t e number of T u n i t s . The e s t i m a t e of g i v e n e a r l i e r (p^ = n ^ / n ) 
i s u n b i a s e d and i t h a s a v a r i a n c e which may be c a l c u l a t e d by u s e of e q u a ­
t i o n ( l ) i f t h e p o p u l a t i o n b e i n g sampled can be r e g a r d e d as c o n s i s t i n g of 
an i n f i n i t e number of u n i t s . C h a p t e r I I I w i l l be d e v o t e d t o a d e t a i l e d 
^Survey s a m p l i n g g e n e r a l l y i n v o l v e s t h e e s t i m a t i o n of means , t o t a l s , 
a n d / o r p e r c e n t a g e s p e r t i n e n t t o p o p u l a t i o n c h a r a c t e r i s t i c s . S i n c e work 
s a m p l i n g d e a l s w i t h e s t i m a t i n g t h e p r o p o r t i o n s of t ime s p e n t p e r f o r m i n g 
v a r i o u s e l e m e n t s of an a c t i v i t y , t h e e s t i m a t i o n of t h i s t y p e of c h a r a c t e r ­
i s t i c w i l l be of major i m p o r t a n c e i n t h i s r e s e a r c h . I f c e r t a i n o t h e r d a t a 
a r e c o l l e c t e d w i t h r e s p e c t t o t h e a c t i v i t y b e i n g a n a l y z e d , such a s t o t a l 
t i m e e l a p s e d , t o t a l u n i t s p r o d u c e d , e t c . , e s t i m a t e s of t o t a l o r a v e r a g e 
t i m e p e r u n i t can be made f o r t h e t o t a l a c t i v i t y a s w e l l a s f o r i t s i n d i ­
v i d u a l e l e m e n t s . These a r e o f t e n of i n t e r e s t f o r u s e i n s e t t i n g s t a n d a r d s 
of p e r f o r m a n c e . 
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a n a l y s i s of t h i s f a c e t , and o t h e r s , of t h i s method of s a m p l i n g and w i l l 
p r e s e n t an e n u m e r a t i o n of i t s a d v a n t a g e s and l i m i t a t i o n s . 
The s i m p l e random model w i l l be u s e d f o r i n t r o d u c i n g t h e g e n e r a l 
n o t a t i o n f o r t h e e n t i r e s t u d y . In a d d i t i o n , c o s t a n a l y s e s i n work 
s a m p l i n g may b e s t be i l l u s t r a t e d by t h e i r a p p l i c a t i o n t o t h e s i m p l e 
random m o d e l . An i n v e s t i g a t i o n of t h e o p p o s i n g d e s i g n r e q u i r e m e n t s of 
minimum c o s t and s t a t e d l e v e l s of p r e c i s i o n w i l l be i n t r o d u c e d w i t h t h e 
s i m p l e random model and w i l l be expanded l a t e r t o encompass t h e more com­
p l e x sample d e s i g n s . 
G r a p h i c a l means w i l l be p r o v i d e d f o r d e t e r m i n i n g t h e sample s i z e 
and t h e adequacy of t h e sample e s t i m a t e o f v a r i a n c e . A h y p o t h e t i c a l 
a c t i v i t y w i l l be i n t r o d u c e d t o s i m u l a t e t h e r e s u l t s p r o v i d e d b y t h e e s t i ­
m a t o r s i n s i m p l e random work s a m p l i n g . These w i l l be u s e d i n i l l u s t r a t i n g 
t h e g a i n s i n e f f i c i e n c y p r o v i d e d by o t h e r s a m p l i n g s chemes . 
S t r a t i f i e d Random Work Sampl ing 
I f t h e t i m e p e r i o d T can be d i v i d e d i n t o L p e r i o d s be tween 
which t h e f r a c t i o n s of t i m e s p e n t p e r f o r m i n g t h e v a r i o u s e l e m e n t s a r e 
s i g n i f i c a n t l y d i f f e r e n t , more e f f i c i e n t e s t i m a t e s of t h e c a n be 
o b t a i n e d by t a k i n g a s p e c i f i e d number of o b s e r v a t i o n s w i t h i n each of t h e 
L p e r i o d s ( s t r a t a ) , e s t i m a t i n g t h e P ^ ' s i n each s t r a t u m , and combin­
i n g t h e s e L e s t i m a t e s . * Fo r example , i f t h e e l e m e n t o f i n t e r e s t ( s t a t e 
of t h e a c t i v i t y ) i n a s t u d y a p p e a r e d p r e d o m i n a t e l y on Mondays and F r i d a y s , 
t h e n t h e a l l o c a t i o n of t h e t o t a l sample would be made i n such a way as 
t o t a k e a d v a n t a g e of t h i s a d d i t i o n a l i n f o r m a t i o n a b o u t t h e p o p u l a t i o n . 
* I t may a l s o be d e s i r a b l e t o o b t a i n e s t i m a t e s on c e r t a i n s u b -
p o p u l a t i o n s , i n wh ich c a s e t h e s e s u b - p o p u l a t i o n s s h o u l d be s e p a r a t e d a s 
s t r a t a and sampled i n d e p e n d e n t l y . 
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O r , i f t h e s u b j e c t s i n v o l v e d i n a g i v e n a c t i v i t y a r e s i g n i f i c a n t l y d i f f e r ­
e n t i n t h e amounts of t i m e t h e y need t o p e r f o r m t h e v a r i o u s e l e m e n t s of an 
a c t i v i t y , t h e sample may be s t r a t i f i e d by i n d i v i d u a l s u b j e c t . Th i s 
a p p r o a c h u t i l i z e s t h e c o n c e p t of s t r a t i f i c a t i o n and a l l o w s t h e u s e of e s t i ­
m a t o r s wh ich r e f l e c t o n l y t h e v a r i a t i o n w i t h i n s t r a t a . A method f o r i n ­
c o r p o r a t i n g t h e s e p r o c e d u r e s i n work s a m p l i n g p r a c t i c e i s d e v e l o p e d i n 
C h a p t e r IV i n t e rms of a S t r a t i f i e d Work Sampl ing mode l . 
S t r a t i f i e d e s t i m a t o r s and t h e i r v a r i a n c e s a r e d e v e l o p e d and a r e 
i l l u s t r a t e d by d e s i g n i n g a s t r a t i f i e d sample t o e s t i m a t e t h e p a r a m e t e r s 
of t h e same h y p o t h e t i c a l a c t i v i t y i n t r o d u c e d i n t h e p r e v i o u s c h a p t e r . An 
i n v e s t i g a t i o n of v a r i o u s methods of a l l o c a t i n g t h e sample t o t h e chosen 
s t r a t a w i l l be made, and a s i n g l e b e s t method w i l l be s o u g h t . The n a t u r e 
o f t h e g a i n s i n p r e c i s i o n and c o s t a f f o r d e d by s t r a t i f i c a t i o n w i l l be d i s ­
c u s s e d and s u b s e q u e n t l y s u b s t a n t i a t e d by s i m u l a t e d r e s u l t s . 
C l u s t e r Work Sampl ing 
Where s e v e r a l s u b j e c t s ( s a y S) a r e engaged i n t h e a c t i v i t y b e i n g 
s t u d i e d , i t i s common p r a c t i c e t o t a k e r a n d o m l y - s p a c e d o b s e r v a t i o n s a s 
a b o v e , t o o b s e r v e a l l members i n t h e g roup of s u b j e c t s s i m u l t a n e o u s l y , 
and t o r e c o r d t h e a c t i v i t y of e ach of t h e S s u b j e c t s . A n a l y s e s a r e 
g e n e r a l l y made u n d e r t h e a s s u m p t i o n t h a t a l l S o b s e r v a t i o n s o b t a i n e d 
a t a s i n g l e p o i n t i n t i m e a r e i n d e p e n d e n t and can t h u s be a n a l y z e d by u s e 
of t h e b i n o m i a l t h e o r y . I t i s o b v i o u s t h a t many a c t i v i t i e s so s t u d i e d do 
n o t y i e l d s e t s of S i n d e p e n d e n t o b s e r v a t i o n s . F o r t h i s r e a s o n , t h e 
a s s u m p t i o n u s u a l l y r e s u l t s i n an u n d e r e s t i m a t e of t h e v a r i a n c e of p . ; 
c o n s e q u e n t l y , t h e s p e c i f i e d l e v e l s of r e l i a b i l i t y a r e i n c o r r e c t . In c a s e 
t h e S s u b j e c t s a r e n o t work ing i n d e p e n d e n t l y of e ach o t h e r , a measure of 
10 
t h e d e g r e e of a s s o c i a t i o n be tween them can be d e t e r m i n e d from t h e d a t a ; 
t h i s can be u s e d t o p r o v i d e a c c u r a t e e s t i m a t e s of t h e v a r i a n c e of p ^ . 
The p r i m a r y p u r p o s e of c l u s t e r s a m p l i n g i s n o t t o m i n i m i z e t h e t o t a l 
number of o b s e r v a t i o n s , b u t r a t h e r t o g a i n t h e most r e l i a b l e sample p e r 
u n i t of c o s t s . When t h e work s i t u a t i o n c o n t a i n s more t h a n one component , 
e . g . , when w o r k e r s a r e p e r f o r m i n g a s g r o u p s , o r when m a c h i n e s a r e a r r a n g e d 
i n b a n k s , t h e c o s t of o b s e r v i n g t h e e n t i r e g roup i s l i t t l e more t h a n t h e 
c o s t o f o b s e r v i n g a s i n g l e member of t h e g r o u p . Hence , t o r e c o r d t h e 
a d d i t i o n a l i n f o r m a t i o n which I s a v a i l a b l e (which i s u s u a l l y done) i s a 
n a t u r a l improvement o v e r s i m p l e random work s amp l ing m e t h o d s . 
The deve lopmen t of a work s a m p l i n g model which i s b a s e d on t h e 
a s s u m p t i o n of s a m p l i n g g r o u p s of s u b j e c t s r a t h e r t h a n a s i n g l e s u b j e c t 
forms t h e b a s i s f o r t h e t h i r d s p e c i f i e d model which w i l l be p r e s e n t e d 
i n C h a p t e r V. The model f o r C l u s t e r Work Sampl ing w i l l be d e v e l o p e d a l o n g 
t h e same l i n e s u s e d f o r t h e p r e v i o u s m o d e l s . A f t e r a g e n e r a l d i s c u s s i o n 
of t h e n a t u r e of c l u s t e r i n g i n work s a m p l i n g , e s t i m a t o r s and t h e i r V a r i a n c e s 
w i l l be p r e s e n t e d f o r d e s i g n i n g t h i s t y p e of work s t u d y . Models which 
employ s i m p l e a s w e l l a s s t r a t i f i e d s a m p l i n g of t h e c l u s t e r s w i l l be 
d e v e l o p e d . The m e r i t s o f t h e s e models w i l l be i l l u s t r a t e d i n t e r m s of 
v a r i a n c e and c o s t c o m p a r i s o n s w i t h t h e c o n v e n t i o n a l s i m p l e random mode l . 
As b e f o r e , t h e model w i l l be d e m o n s t r a t e d by s i m u l a t e d s t u d i e s of t h e h y p o ­
t h e t i c a l p o p u l a t i o n wh ich i s p r e s e n t e d f o r t h a t p u r p o s e . 
M u l t i - S t a g e Work S a m p l i n g 
The f o r e g o i n g work sampl ing methods a r e s u i t a b l e f o r s t u d i e s wh ich 
a r e c o n c e r n e d w i t h s i n g l e a c t i v i t i e s u s u a l l y found i n one g e o g r a p h i c 
l o c a t i o n . S e t t i n g s i n which a c t i v i t i e s o c c u r w i t h i n a s i n g l e d e p a r t m e n t 
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o r a r e a a r e t y p i c a l . However, a p r o b l e m a r i s e s when t h e a c t i v i t y i s p e r ­
formed i n m u l t i p l e a r e a s , d e p a r t m e n t s , o r even f a c t o r i e s . Management o f t e n 
r e q u i r e s d a t a which c o v e r m u l t i p l e o p e r a t i o n s , and i n t h i s c a s e t h e s a m p l i n g 
methods p r e s e n t e d p r e v i o u s l y become p r o h i b i t i v e l y e x p e n s i v e . P r o b a b i l i t y 
s a m p l i n g methods make i t p o s s i b l e t o o b t a i n e s t i m a t e s from such s t r u c t u r e s 
of a c t i v i t y by s a m p l i n g a t d i f f e r e n t l e v e l s ( g r o s s t o m i n u t e ) of t h e p o p u ­
l a t i o n . F o r example , a sample of d e p a r t m e n t s may be c h o s e n , t h e n a sam­
p l e of work a r e a s w i t h i n d e p a r t m e n t s , e t c . , u n t i l u l t i m a t e l y a random 
sample i s o b t a i n e d on t h e a c t i v i t y of i n t e r e s t . By a p p l y i n g t h e p r o p e r 
methods of a n a l y s i s , r e l i a b l e t i m e e s t i m a t e s f o r t h e whole p o p u l a t i o n may 
be made from t h e r e s u l t i n g d a t a . 
The methods o f m u l t i - s t a g e s a m p l i n g , as p r a c t i c e d by s u r v e y sam­
p l i n g p r a c t i t i o n e r s , a f f o r d a means f o r d e v e l o p i n g such a model i n work 
s a m p l i n g . T h i s method w i l l be p r e s e n t e d i n C h a p t e r V I I a s a g e n e r a l m u l t i ­
s t a g e work sampling mode l ; however , due t o s e v e r e l i m i t a t i o n s on t h e u n i t s 
t o be sampled a t t h e v a r i o u s s t a g e s , t h e m u l t i - s t a g e mode l , i n i t s g e n e r a l 
fo rm, i s n o t e x p e c t e d t o be r e p r e s e n t a t i v e o f p r a c t i c a l s i t u a t i o n s i n 
work s a m p l i n g . To c i r c u m v e n t t h i s p r o b l e m , methods f o r s a m p l i n g v a r i a b l e 
s i z e u n i t s w i l l be p r e s e n t e d which do n o t f o l l o w t h e g e n e r a l m o d e l . Whi le 
t h e methods which w i l l be d e v e l o p e d w i l l n o t be e x p e c t e d t o have wide 
a p p l i c a t i o n i n work s a m p l i n g , t h e y w i l l p r o v i d e a means f o r e f f i c i e n t 
h a n d l i n g of t h e o c c a s i o n a l l a r g e s c a l e a c t i v i t y s u r v e y . 
Scope of S t u d y 
The f o r e g o i n g s y n o p s e s i n d i c a t e t h a t s a m p l i n g i s an a r t which 
r e q u i r e s more t h a n a s u p e r f i c i a l knowledge of t h e u n d e r l y i n g t h e o r i e s . 
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I t r e q u i r e s i n t e l l i g e n t c o m b i n a t i o n s of judgment and t h e o r y , combina­
t i o n s t h a t a l l o w t h e p r a c t i t i o n e r t o d e s i g n s amp l ing p l a n s which become 
more n e a r l y o p t i m a l . C o n s i d e r a t i o n s o f c o s t and p r e c i s i o n a r e r e g a r d e d 
a s t h e most i m p o r t a n t f a c t o r s i n sample d e s i g n , and t h e s e a r e t r e a t e d 
i n d e p e n d e n t l y as w e l l a s s i m u l t a n e o u s l y f o r each of t h e s a m p l i n g models 
advanced i n t h i s s t u d y . 
I t i s u n l i k e l y t h a t a s e t of r u l e s c o u l d be e s t a b l i s h e d which would 
accommodate a l l p o s s i b l e s amp l ing schemes which one m i g h t employ i n work 
s a m p l i n g s i t u a t i o n s . I t i s t h e r e f o r e n o t t h e i n t e n t of t h i s r e s e a r c h 
t o p r o v i d e a s t e r e o t y p e d a p p r o a c h t o work s amp l ing which c o u l d be a p p l i e d 
r o u t i n e l y w i t h o u t knowledge of t h e p o p u l a t i o n unde r s t u d y . R a t h e r , i t i s 
hoped t h a t t h i s s t u d y w i l l l e a d t o r e s u l t s which w i l l r e d u c e t h e amount of 
s t a t i s t i c a l t h e o r y r e q u i r e d by t h e work s a m p l i n g p r a c t i t i o n e r i n d e s i g n ­
i n g an e f f i c i e n t s a m p l i n g p l a n . Unique a p p r o a c h e s t o s a m p l i n g can be 
d e v i s e d t o f i t any s i t u a t i o n i f one i s s u f f i c i e n t l y f a m i l i a r w i t h t h e 
a s s u m p t i o n s and l i m i t a t i o n s of s a m p l i n g . T h e r e f o r e t h e s c o p e of t h i s 
s t u d y i s such t h a t i t i n c l u d e s t h o s e a c t i v i t y s t r u c t u r e s wh ich one i s 
mos t l i k e l y t o e n c o u n t e r i n a work s a m p l i n g s t u d y . D e v i a t i o n s from t h e 
models p r e s e n t e d a r e t o be e x p e c t e d i n a c t u a l p r a c t i c e . 
L i m i t a t i o n s of S t u d y 
T h i s r e s e a r c h i s r e s t r i c t e d t o t h e s t u d y of s e l e c t e d , random sam­
p l i n g schemes f o r u s e i n work s a m p l i n g ; i t i s n o t conqe rned w i t h s a m p l i n g 
v e r s u s o t h e r methods of o b t a i n i n g work s t u d y d a t a . A n a l y t i c a l t r e a t m e n t s 
a r e g e n e r a l a s p r e s e n t e d i n f i n a l form; however , i l l u s t r a t i o n s a r e i n c l u d e d 
which show t h e n a t u r e of s p e c i f i c a p p l i c a t i o n s i n each c a s e . 
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Measures of e f f e c t i v e n e s s a r e p r e s e n t e d , and e a c h model i s e v a l ­
u a t e d i n r e l a t i o n t o s i m p l e random work s a m p l i n g . T h i s p a r t i c u l a r model 
i s c h o s e n a s a b a s e f o r compar i son b e c a u s e , i n a d d i t i o n t o b e i n g t h e 
s i m p l e s t o f t h e s a m p l i n g m o d e l s , i t i s t h e most common s a m p l i n g a p p r o a c h 
i n c o n v e n t i o n a l work s a m p l i n g p r a c t i c e . The measu re s of e f f e c t i v e n e s s 
employed a r e t h e p r e c i s i o n of e s t i m a t o r s and o v e r a l l c o s t s . 
The m a t h e m a t i c a l d e r i v a t i o n of s a m p l i n g theorems i s a v o i d e d when­
e v e r a d e q u a t e r e f e r e n c e s a r e a v a i l a b l e . Some of t h e more c o m p l i c a t e d 
m a t h e m a t i c s o f s a m p l i n g t h e o r y i s e x c l u d e d i n o r d e r t o p r o v i d e a s a m p l i n g 
m e t h o d o l o g y which w i l l be e a s y t o u n d e r s t a n d by c u r r e n t work s amp l ing 
p r a c t i t i o n e r s . 
O b j e c t i v e s 
The c o n s i d e r a t i o n s r e l a t e d i n t h e p r e s e n t c h a p t e r g i v e r i s e t o t h e 
o b j e c t i v e s of t h i s r e s e a r c h . The g e n e r a l o b j e c t i v e of t h e s t u d y i s t o 
d e v e l o p a new t h e o r e t i c a l b a s i s f o r work s a m p l i n g i n t h e form of c a t e ­
g o r i z e d s a m p l i n g m o d e l s , i n c o r p o r a t i n g p r o v i s i o n s f o r a s s e s s i n g t h e n a t u r e 
of t h e p o p u l a t i o n b e i n g s amp led , and hence t h e s p e c i f i c a t i o n of t h e p r o p e r 
t h e o r e t i c a l model wh ich w i l l accommodate c o s t and r e l i a b i l i t y c o n s t r a i n t s . 
S p e c i f i c o b j e c t i v e s a r e : 
(1) To e x p l o r e t h e l i m i t a t i o n s of s i m p l e random s a m p l i n g i n 
work s t u d i e s , 
(2 ) To employ t h e c o n c e p t of s t r a t i f i c a t i o n f o r d e s i g n i n g more 
e f f i c i e n t work s a m p l i n g s t u d i e s , 
(3 ) To d e v e l o p a work sampl ing model which a d e q u a t e l y t r e a t s 
o b s e r v a t i o n s made i n c l u s t e r s , 
(4-) To p r e s e n t an app roach f o r work s a m p l i n g a p p l i c a t i o n s which 
p e r t a i n s t o b r o a d , complex a c t i v i t i e s . 
An i m p o r t a n t d e s i g n f a c t o r which h a s h e r e t o f o r e been l a r g e l y 
i g n o r e d i n work s a m p l i n g p r a c t i c e i s t h e i m p a c t of c o s t s . T h i s p h e ­
nomenon w i l l be c a r e f u l l y c o n s i d e r e d w i t h r e g a r d t o each o f t h e above 
o b j e c t i v e s and methods f o r d e s i g n i n g a work s a m p l i n g s t u d y t o min imize 
c o s t s o r t o a c h i e v e a s t a t e d c o s t w i l l be p r e s e n t e d f o r e ach c a s e . 
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CHAPTER I I 
REVIEW OF THE LITERATURE 
A Note on S u r v e y S a m p l i n g P r a c t i c e s 
Man h a s u n d o u b t e d l y u s e d s a m p l i n g i n an i n f o r m a l f a s h i o n s i n c e 
p r e h i s t o r i c t i m e s . Most human a c t i o n s a r e b a s e d on i n c o m p l e t e i n f o r m a ­
t i o n b e c a u s e human n a t u r e p rompt s one t o a c t when he f e e l s t h a t he h a s 
"enough" i n f o r m a t i o n t o make a c o r r e c t r e s p o n s e . The i n f o r m a t i o n 
a v a i l a b l e i n a g i v e n c a s e i s se ldom more t h a n a sample of wha t migh t 
be o b t a i n e d . The r e s p o n s e s of t h e s e n s e s -r- s m e l l i n g , t a s t i n g , f e e l ­
i n g — a r e n o t h i n g more t h a n a c t s of s a m p l i n g . O p i n i o n s wh ich a r e 
f o r m u l a t e d and d e c i s i o n s which a r e made a r e i n g e n e r a l b a s e d on l i m i t e d 
o b s e r v a t i o n . The s a m p l i n g p r o c e s s can be l o o k e d upon a s m a n ' s way of 
o b t a i n i n g more i n f o r m a t i o n a b o u t t h e w o r l d i n which he r e s i d e s . 
F o r m a l i z e d a p p r o a c h e s t o s a m p l i n g a r e n o t so o l d . A l t h o u g h some 
of t h e m a t h e m a t i c a l t o o l s which make s a m p l i n g a f o r m a l method of d a t a 
c o l l e c t i o n were b e i n g d e v e l o p e d a s e a r l y a s t h e s e v e n t e e n t h c e n t u r y by 
B e r n o u l l i and o t h e r s , c u r r e n t methods of s a m p l i n g have b e e n d e v e l o p e d 
p r i m a r i l y s i n c e t h e b e g i n n i n g of t h e t w e n t i e t h c e n t u r y . I n t h e i n t e r i m , 
man c o n t i n u e d t o sample h i s e n v i r o n m e n t i n f o r m a l l y and drew c o n c l u s i o n s 
which were e x t e n s i o n s of h i s l i m i t e d o b s e r v a t i o n s , s e a s o n e d by h i s 
j u d g m e n t . 
As S t e p h a n p o i n t s o u t i n h i s s u r v e y of s a m p l i n g h i s t o r y (4-7), i t 
would be an i m p o s s i b l e t a s k t o f e r r e t o u t t h e many p r a c t i c e s and a c t i v i t i e s 
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wh ich f i n a l l y l e d t o f o r m a l i z e d methods of s a m p l i n g . The e a r l i e s t a c c o u n t 
of f o r m a l i z e d s a m p l i n g a p p e a r i n s t u d i e s of m o r t a l i t y r a t e s and a g r i c u l ­
t u r a l y i e l d s . H a l l e y (28 ) t o o k t h e m o r t a l i t y s t a t i s t i c s of one s m a l l 
town t o d e t e r m i n e a l i f e t a b l e f o r man i n l693« S t u d i e s b y S i r J o h n Lawes 
a s e a r l y a s 1852 (33) show t h a t whea t y i e l d s f o r Eng land and Wales were 
e s t i m a t e d from a n n u a l r e c o r d s k e p t a t R o t h a m s t e d . O t h e r e a r l y a c c o u n t s of 
s a m p l i n g a p p l i c a t i o n s i n v o l v e t h e measurement of such t h i n g s a s employment , 
wage r a t e s , and p r i c e s . S t e p h a n p r e s e n t s b r i e f c h r o n o l o g i c a l r e v i e w s of 
t h e d e v e l o p m e n t of s a m p l i n g p r o c e d u r e s i n f o u r b r o a d a r e a s : 
( 1 ) A g r i c u l t u r a l c r o p e s t i m a t e s 
( 2 ) Economic s t a t i s t i c s of p r i c e s , w a g e s , e t c . 
( 3 ) S t a t i s t i c a l p h a s e s of s o c i a l s u r v e y s and h e a l t h s t u d i e s 
(k) P u b l i c o p i n i o n p o l l i n g . 
These r e v i e w s d e a l p r i m a r i l y w i t h t h e e a r l y , c r u d e me thods of s a m p l i n g , 
t h e t h e o r e t i c a l l e v e l of w h i c h i s a d e q u a t e l y d e p i c t e d b y S t e p h a n a s 
f o l l o w s : 
W h i l e , i n t h e s e e a r l y i n s t a n c e s , t h e s a m p l i n g p r o c e d u r e s were 
s i m p l e and u s u a l l y employed u n c r i t i c a l l y w i t h no g r e a t a t t e n t i o n 
t o a c c u r a c y and r e p r e s e n t a t i v e n e s s , i t s h o u l d b e n o t e d t h a t t h e 
p r o b l e m s of o b s e r v i n g and r e c o r d i n g d a t a were a l m o s t a l w a y s f a r 
more s e r i o u s t h a n t h e p r o b l e m s of s a m p l i n g . Modern s a m p l i n g 
p r o c e d u r e s , had t h e y b e e n a v a i l a b l e and had t h e y b e e n a p p l i e d 
e f f e c t i v e l y , would h a v e p e r m i t t e d t h e u s e of s m a l l e r s amp le s 
and made p o s s i b l e i n mos t c a s e s more c a r e f u l f i e l d w o r k . Through 
t h e s e d e v e l o p m e n t s and t h o s e i n o t h e r f i e l d s of s t a t i s t i c a l 
s t u d y , t h e r e a r o s e a g r e a t o p p o r t u n i t y f o r t h e u s e of b e t t e r 
s a m p l i n g p r o c e d u r e s t h a t h a s b e e n e x p l o i t e d o n l y i n p a r t up t o 
t h e p r e s e n t t i m e . 
T h i s q u o t e , wh ich a p p e a r e d i n 19^-7> i n d i c a t e s t h e r e l a t i v e l y r e c e n t 
g rowth of s a m p l i n g m e t h o d o l o g y . T h e a d a p t a t i o n of a number of t h e 
r e c e n t f i n d i n g s i n s u r v e y s a m p l i n g t o t h e me thodo logy of a c t i v i t y sam­
p l i n g i s t h e major a im of t h i s r e s e a r c h . 
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The c h a r a c t e r i s t i c which d i f f e r e n t i a t e s modern methods of s a m p l i n g 
from e a r l i e r methods l i e s i n t h e u s e of p r o b a b i l i t y t h e o r y . The modern 
a p p r o a c h i s t o e x p l i c i t l y d e f i n e t h e u n i t s which make up a g i v e n p o p u l a ­
t i o n and t h e n t o s e l e c t u n i t s from t h e p o p u l a t i o n a t random u s i n g v a r i o u s 
schemes of s e l e c t i o n , b u t a lways w i t h t h e knowledge of t h e p r o b a b i l i t y 
w i t h which a g i v e n u n i t w i l l be c h o s e n . The u s e of t h i s a p p r o a c h has 
become p r o m i n e n t i n t h e t w e n t i e t h c e n t u r y and a t t a i n s i t s s i g n i f i c a n c e 
from t h e f a c t t h a t e s t i m a t e s made from such samples p o s s e s s d e t e r m i n a b l e 
c h a r a c t e r i s t i c s , namely a c c u r a c y and p r e c i s i o n ( r e l i a b i l i t y ) . These 
d e t e r m i n a t i o n s a r e p o s s i b l e o n l y b e c a u s e of t h e p r o b a b i l i s t i c measu res 
wh ich a r e a v a i l a b l e . In s p i t e of s u c c e s s f u l a p p l i c a t i o n s of t h e p r o b a -
b i l i t i s t i c a p p r o a c h i n t h e e a r l y 1 9 0 0 ' s , i t made v e r y s low i n r o a d s i n t o 
t h e t h e n e x i s t i n g s t a t i s t i c a l m e t h o d s . T h i s f a c t i s s u p p o r t e d by t h e 
f o l l o w i n g q u o t e from S t e p h a n ( 4 7 ) ; 
At t h e Rome S e s s i o n of t h e I n t e r n a t i o n a l S t a t i s t i c a l I n s t i t u t e 
i n 1925 a r e s o l u t i o n was a d o p t e d recommending t h e u s e of s a m p l i n g 
f o r s t a t i s t i c a l p u r p o s e s w i t h a p p r o p r i a t e p r e c a u t i o n s a s t o i t s 
r e p r e s e n t a t i v e n e s s , m a t h e m a t i c a l s t a t e m e n t of t h e p r e c i s i o n , and 
f u l l d e s c r i p t i o n of t h e methods employed . The r e p o r t s t h a t were 
s u b m i t t e d by t h e commission t h a t d r a f t e d t h e r e s o l u t i o n p r e s e n t e d 
e v i d e n c e of t h e u s e f u l n e s s of sound s a m p l i n g p r o c e d u r e s b u t b o t h 
t h e r e p o r t s and t h e r e s o l u t i o n had l e s s immedia te e f f e c t on s t a ­
t i s t i c a l p r a c t i c e s t h a n migh t have b e e n e x p e c t e d . E i g h t y e a r s 
l a t e r , i n 1934? Neyman r e v i v e d t h e d i s c u s s i o n of t h e s e r e p o r t s 
i n a n o t a b l e p a p e r b e f o r e t h e Roya l S t a t i s t i c a l S o c i e t y . 
Widesp read p r a c t i c e of t h e a p p r o a c h i n d i c a t e d above was n o t accom­
p l i s h e d u n t i l t h e 1 9 3 0 ' s . From 1933 t o 1940 , v a r i o u s New D e a l p rograms 
such a s FERA, CWA, WPA, e t c . , i n c r e a s e d t h e U. S . g o v e r n m e n t ' s need f o r 
s t a t i s t i c a l work and hence f o r s a m p l i n g . The e n l i s t m e n t of l e a d i n g s t a ­
t i s t i c i a n s i n t h e r e o r g a n i z a t i o n of g o v e r n m e n t a l s t a t i s t i c a l work f o c u s e d 
a t t e n t i o n on t h e need f o r f u r t h e r improvement of t h e s a m p l i n g t h e o r i e s 
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t h e n i n u s e ( 2 7 ) . Governmenta l a c t i v i t y h a s s t i m u l a t e d much of t h e r e s e a r c h 
wh ich h a s b r o u g h t a b o u t t h e c u r r e n t s t a t e of t h e a r t . The l i t e r a t u r e (4-7) 
r e v e a l s s e v e r a l s t a t i s t i c a l s u r v e y s which were of n a t i o n a l i m p o r t a n c e 
and i n which s a m p l i n g t e c h n i q u e s were u t i l i z e d . In many of t h e c a s e s , 
t h e a p p r o a c h to s a m p l i n g was n o t t h e most e f f i c i e n t i n t e r m s of c u r r e n t 
knowledge , however i t was t h r o u g h e x p e r i e n c e g a i n e d i n such s t u d i e s t h a t 
p r o g r e s s i n t h e d e v e l o p m e n t of a t h e o r y was made. 
These e a r l y a p p r o a c h e s t o a n a l y s e s which i n v o l v e d p r o b a b i l i s t i c c o n ­
c e p t s c e n t e r e d a round methods of s i m p l e random and s y s t e m a t i c s a m p l i n g . 
However t h e f i n d i n g s of e x p e r i m e n t a l s t u d i e s and t h e c o n c e n t r a t i o n of 
a t t e n t i o n on t h e p r o b l e m of e f f i c i e n t d a t a c o l l e c t i o n c a u s e d s amp l ing 
p r a c t i c e t o e v o l v e i n t o complex s y s t e m s which were d e s i g n e d t o f i t t h e 
p o p u l a t i o n s t r u c t u r e s b e i n g s t u d i e d . 
The methods c u r r e n t l y used i n s a m p l i n g r e f l e c t t h e a c c u m u l a t i o n of 
knowledge o v e r many y e a r s of p r a c t i c e i n a number of f i e l d s . The f l e x i ­
b i l i t y of modern t h e o r y r e s u l t s from many a p p l i c a t i o n s and e x p e r i m e n t s 
which have been made i n t h e p a s t f o r t h e s p e c i f i c p u r p o s e of improv ing 
t h e t h e o r y . The i n t e l l i g e n t employment of t h e s e methods i s t o s e e k a 
c o m b i n a t i o n of t h e o r y and p r a c t i c e which w i l l f u l f i l l r e q u i r e m e n t s of 
economy, c o n v e n i e n c e , and a c c u r a c y i n w h a t e v e r s i t u a t i o n a r i s e s . C u r ­
r e n t s a m p l i n g p r a c t i c e s encompass many d i f f e r e n t m e t h o d s , some of which 
a r e a s f o l l o w s : 
( a ) The t e c h n i q u e of s e l e c t i n g i t e m s a t random, 
(b) The d e t e r m i n a t i o n of t h e k i n d of s amp l ing u n i t t h a t w i l l 
have t h e most d e s i r a b l e p r o p e r t i e s , 
( c ) S u b d i v i s i o n o r s t r a t i f i c a t i o n of t h e p o p u l a t i o n , i n an a d v a n ­
t a g e o u s manner , 
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(d) The u s e of v a r i a b l e s a m p l i n g p r o p o r t i o n s , 
( e ) S u b s a m p l i n g and m u l t i s t a g e s a m p l i n g i n which t h e sample 
i t s e l f i s sampled i n t u r n , 
( f ) Drawing two o r more u n i t s from each u l t i m a t e s u b d i v i s i o n t o 
p e r m i t e s t i m a t i o n of t h e s a m p l i n g e r r o r from t h e i r d i f f e r e n c e s , 
(g ) Use of i n f o r m a t i o n p r o v i d e d by v a r i a b l e s whose v a l u e s a r e 
known t h a t a r e c o r r e l a t e d w i t h t h e one t h a t i s b e i n g s t u d i e d , and many 
o t h e r p r o c e d u r e s . 
The c o n t r i b u t i o n s t o t h i s body of knowledge from t h e f i e l d of a g r i ­
c u l t u r e have been among t h e most n o t e w o r t h y of any s i n g l e p r o f e s s i o n . 
R. A. F i s h e r ' s a p p r o a c h e s t o s t a t i s t i c a l a n a l y s i s and e x p e r i m e n t a t i o n 
have c o n t r i b u t e d more t h a n any o t h e r s i n g l e i n d i v i d u a l ' s e f f o r t s t o t h e 
d e v e l o p m e n t of e f f e c t i v e sys t ems of e x p e r i m e n t a t i o n i n g e n e r a l ( 2 3 ) . His 
s t a t i s t i c a l c o n c e p t s form t h e b a s i s f o r c u r r e n t methods of d a t a a n a l y s i s , 
an i m p o r t a n t segment of s a m p l i n g p r a c t i c e . F i s h e r ' s major c o n t r i b u t i o n s 
came d u r i n g and a f t e r t h e 1 9 2 0 ' s . 
Mass p r o d u c t i o n b r o u g h t i n t o e x i s t e n c e a n o t h e r f e r t i l e f i e l d f o r 
t h e a p p l i c a t i o n of s t a t i s t i c a l m e t h o d s . Wes te rn E l e c t r i c e n g i n e e r s were 
t h e f i r s t t o a p p l y t h e t h e o r y of p r o b a b i l i t y and s t a t i s t i c s t o t h e c o n t r o l 
of q u a l i t y as w e l l a s t o i n s p e c t i o n s y s t e m s . T h i s was a c c o m p l i s h e d i n 
1923 (4-6). The o b j e c t i v e of t h e s e i n s p e c t i o n p r o c e d u r e s was t o d e s i g n 
a s a m p l i n g p r o c e d u r e wh ich would c u t t h e c o s t s of i n s p e c t i o n b u t m a i n ­
t a i n c o n t r o l of t h e q u a l i t y of t h e p r o d u c t . Methods which were d e s i g n e d 
were f o r m u l a t e d t o f i t t h e c o n d i t i o n s of m a n u f a c t u r e and t h e r e q u i r e d 
s p e c i f i c a t i o n s i n a g i v e n s i t u a t i o n . E a r l y c o n t r i b u t o r s t o t h e deve lopmen t 
of t h e s e methods were S h e w h a r t , Dodge, M o l i n e , F r y , and o t h e r s (4-6). The 
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s p r e a d of t h e s e c o n c e p t s and t e c h n i q u e s , b o t h i n i n d u s t r y and i n a g r i ­
c u l t u r e , was f a c i l i t a t e d by t h e f o u n d i n g of t h e Roya l S t a t i s t i c a l 
S o c i e t y i n 1933 and t h e s u b s e q u e n t p u b l i c a t i o n s which i t s u p p o r t e d . 
The c o n t i n u i n g demands f o r l a r g e s c a l e s u r v e y s of v a r i o u s economic 
and s o c i a l f a c t s r e s u l t e d i n a n o t h e r f i e l d of e n d e a v o r ( s u r v e y s a m p l i n g ) 
wh ich h a s a l s o c o n t r i b u t e d g r e a t l y t o t h e improvement of s a m p l i n g p r o c e ­
d u r e s . The many c o n c e p t s , d e v i c e s , m e t h o d s , and t e c h n i q u e s which have 
e v o l v e d i n t h i s a r e a a r e c u r r e n t l y w e l l documented i n such r e f e r e n c e s a s 
( 1 5 , 20 , 3 1 ) . 
The H i s t o r y of Work Sampl ing 
The b r i e f s u r v e y of t h e g e n e r a l h i s t o r y of s a m p l i n g p r e s e n t e d i n 
t h e f o r e g o i n g s e c t i o n e m p h a s i z e s t h e l a r g e s c a l e a p p l i c a t i o n s of s a m p l i n g . 
The e x t e n s i o n of s a m p l i n g p r o c e d u r e s a s a i d s i n t h e a n a l y s i s of s m a l l e r 
p o p u l a t i o n s i s r e f l e c t e d i n t h e r a p i d deve lopmen t of s t a t i s t i c a l p r o c e ­
d u r e s i n a number of p r o f e s s i o n s i n r e c e n t y e a r s . One s u c h p r o f e s s i o n 
i s t h a t of e n g i n e e r i n g , e s p e c i a l l y i n t h e f i e l d of I n d u s t r i a l E n g i n e e r i n g . 
S t a t i s t i c a l t o o l s a r e r a p i d l y becoming t h e means by which t h e i n d u s t r i a l 
e n g i n e e r r e p l a c e s l e s s s c i e n t i f i c q u a l i t a t i v e a n a l y s e s of s y s t e m s and 
t h e i r components w i t h more s c i e n t i f i c , q u a n t i t a t i v e a n a l y s e s . 
As ide from t h e work i n i n s p e c t i o n and q u a l i t y c o n t r o l r e f e r r e d t o 
e a r l i e r , one of t h e f i r s t i n d u s t r i a l e n g i n e e r s t o r e c o g n i z e t h e p o t e n t i a l 
of s t a t i s t i c a l a n a l y s e s i n i n d u s t r y was L. H. C. T i p p e t t of t h e B r i t i s h 
T e x t i l e I n d u s t r y . His d u t i e s i n c l u d e d t h e a n a l y s i s of weav ing o p e r a t i o n s 
which e v e n t u a l l y l e d t o a s e a r c h f o r a method of work measurement which 
would s h o r t c i r c u i t t h e t e d i o u s method of s t u d y i n g h u n d r e d s o f looms i n 
a s i n g l e b u i l d i n g u s i n g s t o p w a t c h t i m e s t u d y . His r e s e a r c h r e s u l t e d i n 
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t h e deve lopmen t o f work s a m p l i n g , the b a s i c s u b j e c t of t h i s r e s e a r c h . The 
f o l l o w i n g q u o t e from T i p p e t t ' s o r i g i n a l p a p e r i n 1934- i n d i c a t e s t h e i n i ­
t i a l i d e a s which l e d t o t h e deve lopmen t of t h e t o o l (4 .8) . 
The work was t e d i o u s ; and as i t was p r a c t i c a l t o r e c o r d o n l y 
two o r t h r e e o r f o u r looms a t a t i m e , I had t o move a b o u t t h e 
shed and o b s e r v e many looms i n t u r n b e f o r e a r e a s o n a b l e r e l i a b l e 
a v e r a g e c o u l d be d e t e r m i n e d . „ 0 I was u n a b l e a t t h e t i m e t o u s e 
a l l of t h e d e t a i l , o f t h i s i n f o r m a t i o n and was on t h e l o o k o u t f o r 
a method of o b s e r v a t i o n t h a t would be l e s s l a b o r i o u s and w e a r i ­
some, even i f somewhat l e s s i n f o r m a t i v e . One day a weav ing 
manager r e m a r k e d , " I can t e l l a t a g l a n c e w h e t h e r t h e weav ing 
i n t h e shed i s good. I f most of t h e weave r s a r e b e n t o v e r t h e i r 
looms mending warp b r e a k s , weav ing i s bad ; i f t h e w e a v e r s a r e 
m o s t l y w a t c h i n g r u n n i n g looms , w e a v i n g i s g o o d . " I t i n s t a n t l y 
became c l e a r t h a t - a s n a p s h o t of t h e s t a t e of t h e looms i n a shed 
t a k e n a t any i n s t a n t was i n some way an i n d i c a t i o n of t h e r a t e 
o f p r o d u c t i o n i n a s h o r t i n t e r v a l s u r r o u n d i n g t h a t i n s t a n t and 
of t h e l o o s e s i n o u t p u t due t o v a r i o u s c a u s e s . 
The p r o c e d u r e d e v e l o p e d by T i p p e t t and r e f e r r e d t o a s " s n a p - r e a d i n g " 
was s i m p l y a p r o c e s s of s a m p l i n g i n which t h e a n a l y s t made o b s e r v a t i o n s 
o f t h e a c t i v i t y a t p r e s e l e c t e d t i m e s and r e c o r d e d t h e s t a t e of t h e a c t i v ­
i t y (See C h a p t e r I , p p , 3-5) • T i p p e t t made e x t e n s i v e s t u d i e s (4-9) t o 
j u s t i f y t h e u s e of b i n o m i a l t h e o r y i n a n a l y z i n g t h e d a t a o b t a i n e d from 
s n a p - r e a d i n g s . H i s • c o m p r e h e n s i v e a n a l y s i s of v a r i a n c e t e s t s showed t h a t 
f o r many c a s e s t h e r e s i d u a l v a r i a n c e was p r e d i c t a b l e from t h e b i n o m i a l 
l aw . However he s t a t e d t h a t " t h e a c t u a l r e s i d u a l v a r i a n c e i s u s u a l l y 
3 0 - 5 0 $ h i g h e r t h a n t h e b i n o m i a l v a r i a n c e . " These s t u d i e s were n e c e s s a r y 
s i n c e he d i d n o t r andomize t h e o b s e r v a t i o n s . L a t e r , (50) he r e c o g n i z e d 
t h a t random s a m p l i n g e r a s e s t h e t h e o r e t i c a l p r o b l e m s w i t h which he was 
c o n c e r n e d and t h a t t h e b i n o m i a l t h e o r y i s a p p l i c a b l e when t h e o b s e r v a t i o n s 
a r e r a n d o m i z e d 0 T i p p e t t ' s deve lopmen t of s n a p - r e a d i n g s was made s i m u l t a n e ­
o u s l y w i t h t h e e x t e n s i v e s u r v e y s a m p l i n g methods r e f e r r e d t o e a r l i e r i n 
t h i s c h a p t e r and h e n c e does n o t r e f l e c t t h e f i n d i n g s which have emerged 
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i n t h a t a r e a . 
The l i t e r a t u r e g i v e s no i n d i c a t i o n t h a t T i p p e t t ' s p r o c e d u r e was 
u s e d e x t e n s i v e l y d u r i n g t h e y e a r s i m m e d i a t e l y f o l l o w i n g i t s p u b l i c a ­
t i o n . I t was n o t u n t i l 194-0 t h a t t h e p r o c e d u r e was i n t r o d u c e d i n t o t h e 
l i t e r a t u r e of t h i s c o u n t r y . T h i s came a s a r e s u l t of an i n v e s t i g a t i o n 
by R. L. Morrow t o d e t e r m i n e t h e f e a s i b i l i t y of u s i n g t h e t e c h n i q u e i n 
d e t e r m i n i n g d e l a y a l l o w a n c e s f o r u s e i n c o n v e n t i o n a l t i m e s t u d y . The 
t i m e s t u d y p r o c e d u r e t h e n i n u se c o n s i s t e d of c a r e f u l l y s t u d y i n g t h e job 
i n o r d e r t o d e t e r m i n e t h e t o t a l t ime n e c e s s a r y t o p e r f o r m t h e a c t u a l work 
i n v o l v e d and t h e s u b s e q u e n t a d d i t i o n of a p e r c e n t a g e a l l o w a n c e f o r d e l a y s . 
T h i s p r o c e d u r e v i t i a t e d t h e a c c u r a c y of t h e r e s u l t s s i n c e t h e r e was no 
c l e a r way t o d e t e r m i n e t h e t r u e t i m e f o r d e l a y s . The p r o c e d u r e a d v o c a t e d 
by F . W. T a y l o r w i t h t h e i n c e p t i o n of t i m e s t u d y p r a c t i c e was t o t a k e c o n ­
t i n u o u s t i m e s t u d i e s f o r l o n g p e r i o d s and from t h e s e s t u d i e s d e t e r m i n e 
t h e p r o p e r a l l o w a n c e s . I n s e a r c h i n g f o r a b e t t e r way t o d e t e r m i n e d e l a y 
and v a r i a t i o n a l l o w a n c e s , t h e method u s e d b y T i p p e t t i n t h e t e x t i l e i n ­
d u s t r y was p u t t o t e s t i n t h r e e s e p a r a t e s t u d i e s by g r a d u a t e t ime s t u d y 
s t u d e n t s u n d e r t h e d i r e c t i o n of t h e D e p a r t m e n t of A d m i n i s t r a t i v e E n g i n e e r ­
i n g a t New York U n i v e r s i t y ( 3 9 , 4-0). Morrow r e p o r t e d t h e f i n d i n g s o f 
t h e s e s t u d i e s and p u b l i s h e d t h e r e s u l t i n g method u n d e r t h e t i t l e " r a t i o -
d e l a y " ( 3 9 ) . The method g a i n e d wide r e c o g n i t i o n i n t h i s c o u n t r y as a 
means f o r d e t e r m i n i n g d e l a y a l l o w a n c e s i n work measurement p r a c t i c e s . 
Morrow 's r e s e a r c h s t i m u l a t e d i n t e r e s t i n t h e method of a c t i v i t y 
s a m p l i n g and d u r i n g t h e y e a r s i m m e d i a t e l y f o l l o w i n g h i s s t u d i e s , s e v e r a l 
a p p l i c a t i o n s of t h e t e c h n i q u e a p p e a r e d . A b r u z z i was a c t i v e i n making 
a p p l i c a t i o n s of t h e method f o r d e t e r m i n i n g d e l a y a l l o w a n c e s and a l s o 
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p u b l i s h e d some a r t i c l e s p e r t i n e n t t o t h e improvement of t h e t e c h n i q u e 
( l , 2 , 3> 4-). Of A b r u z z i ' s c o n t r i b u t i o n s , t h e most s i g n i f i c a n t a p p e a r s 
t o b e a b r i e f p r e s e n t a t i o n i n The Management Rev iev (3) i n which he 
a d v o c a t e s t h e u s e of a f r a c t i o n d e f e c t i v e c o n t r o l c h a r t ( p - c h a r t ) f o r 
t h e p u r p o s e of d e t e r m i n i n g w h e t h e r o r n o t t h e ' d e l a y p e r c e n t a g e on a 
g i v e n a c t i v i t y i s s t a b l e o v e r e x t e n d e d p e r i o d s - of t i m e . The c o n c e p t 
\ 1-
p r e s e n t e d by A b r u z z i i s i n no way d i f f e r e n t from t h a t u sed i n q u a l i t y 
c o n t r o l , b u t i t does s e r v e t o d e t e r m i n e t h e a p p l i c a b i l i t y of b i n o m i a l 
t h e o r y f o r s e t t i n g c o n f i d e n c e l i m i t s on t h e e s t i m a t e s o b t a i n e d from 
r a t i o - d e ' l a y s t u d i e s . 
I n 1950 B a r n e s and C o r r e l (17) s o u g h t t o " d e t e r m i n e t h e r e l i a b i l ­
i t y and v a l i d i t y of t h e r a t i o - d e l a y method" by making a p p l i c a t i o n s t o 
s e v e r a l t y p e s of i n d u s t r i a l o p e r a t i o n s . The method u s e d t o d e t e r m i n e 
v a l i d i t y c o n s i s t e d of making r a t i o - d e l a y s t u d i e s and t i m e s t u d i e s s i m u l ­
t a n e o u s l y on chosen o p e r a t i o n s and compar ing t h e r e s u l t s . R e l i a b i l i t y 
was d e t e r m i n e d by t a k i n g two r a t i o - d e l a y s t u d i e s s i m u l t a n e o u s l y on t h e 
same o p e r a t i o n and compar ing t h e r e s u l t s . The f i n d i n g s of t h e s e s t u d i e s 
showed r a t i o - d e l a y a n a l y s e s t o b e b o t h v a l i d and r e l i a b l e . The same 
a u t h o r s s u g g e s t e d a b r o a d e r u s e of t h e t o o l by o f f e r i n g i t f o r m e a s u r ­
i n g p r o d u c t i v i t y i n d e x e s , e f f i c i e n c i e s , and c o s t s . T h i s was one of t h e 
e a r l i e s t i n d i c a t i o n s o f t h e b r o a d p o t e n t i a l i t i e s of t h e t o o l , t h e o n l y 
p r i o r i n d i c a t i o n b e i n g t h a t of S c h a e f f e r (4.5) who p r e s e n t e d a p a p e r i n 
194-1 a d v o c a t i n g i t s u s e f o r making c o s t a n a l y s e s . 
From t h e l a t t e r p a r t of 1950 t o t h e e a r l y p a r t of 1 9 5 2 , t h e u s e of 
a c t i v i t y s a m p l i n g i n i n d u s t r y i n c r e a s e d a t a r a p i d r a t e . Numerous a r t i ­
c l e s r e l a t i n g t h i s w i d e s p r e a d a p p l i c a t i o n a p p e a r e d i n p u b l i c a t i o n s such 
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a s Advanced Management, A g r i c u l t u r a l Economics R e s e a r c h , F a c t o r y Maga­
z i n e , and Management Review as w e l l a s i n t h e p r o c e e d i n g s of s e v e r a l 
p r o m i n e n t p r o f e s s i o n a l o r g a n i z a t i o n s . , These a r t i c l e s d e a l t p r i m a r i l y 
w i t h a p p l i c a t i o n s and p r o c e d u r e s and se ldom d e a l t w i t h t h e t h e o r y u n d e r ­
l y i n g r a t i o - d e l a y . The w i d e s p r e a d a c c e p t a n c e of t h e t o o l a s e v i d e n c e d 
by t h e i n c r e a s e d f r e q u e n c y o f i t s u s e p rompted t h e e d i t o r s of F a c t o r y 
Magazine ( v i z , H. L. Wadde l l ) t o r e v i e w t h e t e c h n i q u e i n an e d i t o r i a l 
i n t h e i r J u l y 1952 i s s u e and r e c o g n i z e i t s b r o a d a p p l i c a t i o n s by renaming 
t h e t o o l "Work S a m p l i n g . " The e d i t o r i a l emphas ized t h e u s e of Work 
S a m p l i n g f o r a n a l y s e s i n t h e g e n e r a l a r e a s of p r o d u c t q u a l i t y , machine 
o p e r a t i o n s , and human a c t i v i t y ; however even b r o a d e r s u g g e s t i o n s were 
made by B r i s l e y (14.) i n t h e same i s s u e of t h e magazine i n a compact r e v i e w 
of t h e deve lopmen t of work sampl ing t h e o r y . Torgensen (51) g i v e s B r i s l e y 
c r e d i t f o r showing t h e r e a l p o t e n t i a l of work s a m p l i n g i n t h i s a r t i c l e . 
B r i s l e y 1 s a n a l y s i s d e a l t w i t h showing t h e b r o a d p o t e n t i a l of work s a m p l i n g 
r a t h e r t h a n w i t h improvements i n t h e t h e o r y . He used t h e same methods 
f o r d e t e r m i n i n g e s t i m a t e s and t h e i r v a r i a n c e s t h a t T i p p e t t s e t f o r t h i n 
h i s e a r l y a r t i c l e s on s n a p - r e a d i n g s . 
P u b l i c a t i o n s on work s amp l ing a p p l i c a t i o n s d u r i n g t h e p e r i o d 1 9 5 2 -
1958 were t w i c e a s numerous a s t h o s e i n t h e r e m a i n d e r of t h e e n t i r e 
h i s t o r y of t h e t o o l . As i n e a r l i e r y e a r s , a r t i c l e s c o n t i n u e d t o a p p e a r 
i n p u b l i c a t i o n s which c a t e r e d t o t h e a v e r a g e s u p e r v i s o r y emp loyee . 
A p p l i c a t i o n s of t h e t e c h n i q u e which were s e t f o r t h i n t h e s e p u b l i c a t i o n s 
were from a wide v a r i e t y of d i s c i p l i n e s and w e r e , i n g e n e r a l , d i r e c t 
a p p l i c a t i o n s of T i p p e t t ' s and Morrow 's f i n d i n g s where t h e e s t i m a t e s 
o b t a i n e d were assumed t o f o l l o w t h e b i n o m i a l law and t h e s a m p l i n g p r o ­
c e d u r e was t h a t of s i m p l e random s a m p l i n g . 
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That t h e t h e o r e t i c a l a s p e c t s of t h e t o o l were in need o f f u r t h e r 
s t u d y was r e c o g n i z e d as e a r l y as 1 9 5 3 . T h i s i s r e f l e c t e d i n D a v i d s o n ' s 
r e v i e w of t h e t o o l (19) i n which he d e p i c t e d b o t h t h e p a s t and p r e s e n t 
s t a t e o f t h e o r y and p r a c t i c e . His g e n e r a l o b s e r v a t i o n s were c r i t i c a l 
of t h e a n a l y t i c a l p r o c e d u r e s used i n t h e p r a c t i c e of work s a m p l i n g . He 
p o s t u l a t e d t h a t some of t h e s e s h o r t c o m i n g s c o u l d be r emed ied t h r o u g h t h e 
use of more s o p h i s t i c a t e d t o o l s of a n a l y s i s , such as t h e a n a l y s i s of 
v a r i a n c e , n o n p a r a m e t r i c m e t h o d s , and b i n o m i a l p r o b a b i l i t y p a p e r . As of 
t h e d a t e of t h i s s t u d y l i t t l e h a s been done t o improve t h e t h e o r e t i c a l 
framework of work s a m p l i n g . 
Of g r e a t s i g n i f i c a n c e i n t h e h i s t o r y of work s a m p l i n g i s t h e 
e f f o r t which h a s been p u t f o r t h t o j u s t i f y t h e t e c h n i q u e as a method f o r 
s e t t i n g d i r e c t l a b o r t i m e s t a n d a r d s . There a r e some who s t r o n g l y a d v o ­
c a t e t h e use of t h e t o o l f o r t h i s p u r p o s e ( .8) , y e t t h e r e a r e o t h e r s who 
s t r o n g l y d i s a g r e e w i t h t h i s view ( 3 0 ) . Those who do n o t f e e l t h a t t h e s e 
s t a n d a r d s s h o u l d be s e t u s i n g work s a m p l i n g f e e l t h a t i t s h o u l d be 
c l a s s i f i e d as a t o o l f o r making g r o s s measurements of complex , n o n -
r e p e t i t i v e t y p e a c t i v i t i e s and t h a t s t o p watch t i m e s t u d y , as w e l l a s 
o t h e r p r o c e d u r e s j s h o u l d be c l a s s i f i e d as t o o l s f o r m e a s u r i n g work o f a 
n a r r o w e r s c o p e . R. M. Barnes m a i n t a i n s t h a t t h e t e c h n i q u e i s v a l i d f o r 
s e t t i n g t i m e s t a n d a r d s and as a r e s u l t of e x t e n s i v e r e s e a r c h , he and h i s 
c o l l e a g u e s have p r e s e n t e d s e v e r a l p a p e r s i n s u p p o r t of h i s c l a i m ( 6 , 7 , 8 , 
9 , 1 0 , 1 1 , 1 2 , 1 3 , 1 7 ) . 
The a p p r o a c h t a k e n by Barnes c o n s i s t s of m e a s u r i n g "working t i m e " 
and " i d l e t i m e " of an a c t i v i t y u s i n g work s a m p l i n g and employ ing a d d i ­
t i o n a l i n f o r m a t i o n such as t o t a l t i m e expended and t o t a l u n i t s p r o -
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d u c e d t o c a l c u l a t e t h e " s t a n d a r d t i m e " p e r u n i t . B a s i c a l l y , t h i s i s t h e 
same work s amp l ing p r o c e d u r e which i s u s e d i n t h e d e t e r m i n a t i o n of a l l o w ­
a n c e s , e f f i c i e n c y i n d e x e s , e t c . , b u t w i t h an a u x i l i a r y c a l c u l a t i o n t o 
d e t e r m i n e t h e a v e r a g e t i m e s p e n t p e r u n i t of p r o d u c t i o n . I t i s a p p a r e n t 
t h a t a t ime s t a n d a r d s e t i n t h i s manner does n o t p r o v i d e t h e same in fo rma 
t i o n a s does one s e t from t ime s t u d i e s . In t ime s t u d y , t h e e l e m e n t a l 
breakdown of j o b s p e r m i t s t h e a c c u m u l a t i o n of d a t a which a r e more r e f i n e d 
and wh ich y i e l d n e c e s s a r y and u s e f u l i n f o r m a t i o n i n methods a n a l y s e s , 
l i n e b a l a n c i n g , e t c . Whi le i t i s p o s s i b l e t o measure more r e f i n e d s e g ­
men t s of j o b s u s i n g work s a m p l i n g , as t h e r e f i n e m e n t i n c r e a s e s so does 
t h e number of r e a d i n g s n e c e s s a r y f o r an a c c e p t a b l e a c c u r a c y . C o s t s of 
s u c h s t u d i e s r e a c h p r o h i b i t i v e p r o p o r t i o n s r a t h e r r a p i d l y . In t h i s 
r e s p e c t , i t a p p e a r s t h a t work s a m p l i n g w i l l s e r v e t h e most u s e f u l p u r p o s e 
i n work measurement i f i t i s c o n s i d e r e d a s a supp lemen t r a t h e r t h a n a s 
a r e p l a c e m e n t f o r s t o p wa t ch t ime s t u d y . T h i s does n o t r e f u t e B a r n e s ' 
ma jor c o n c l u s i o n t h a t "work s amp l ing p r o v i d e s a v a l u a b l e , t o o l f o r mea­
s u r i n g w o r k , " and t h a t t h i s s i m p l e , i n e x p e n s i v e m e t h o d ; 0 " w i l l f i n d wide 
u s e i n many a r e a s where manual work i s p e r f o r m e d " ( 8 ) . I t s i m p l y makes 
h i s s t a t e m e n t more s p e c i f i c as t o which of t h e "many a r e a s " a r e more 
s u s c e p t i b l e t o a n a l y s i s b y work s a m p l i n g . 
I n an u n p u b l i s h e d p a p e r ( 3 8 ) , Moder and Gaver c o n s i d e r a p r o c e d u r e 
' f o r combin ing a t t r i b u t e and v a r i a b l e measu remen t s i n work s a m p l i n g t o 
e s t i m a t e " e l e m e n t l i f e . " By o b s e r v i n g " r e m a i n i n g l i f e " of s h o r t e l e m e n t s 
when work s a m p l i n g o b s e r v a t i o n s a r e made and e s t i m a t i n g e l e m e n t l i f e from 
t h i s d a t a , t h e y r e d u c e t h e sample s i z e b y a f a c t o r of a l m o s t f o u r . They 
f e e l t h a t p r o c e d u r e s such as t h e i r s may u l t i m a t e l y be t h e compromise 
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n e e d e d be tween work s a m p l i n g and t ime s t u d y which w i l l i n c o r p o r a t e t h e 
good p o i n t s of b o t h t o o l s . 
B a r n e s and h i s c o l l e a g u e s have a l s o done c o n s i d e r a b l e r e s e a r c h i n 
t h e s t u d y of " p e r f o r m a n c e s amp l ing i n work m e a s u r e m e n t . " T h i s e f f o r t 
r e s u l t e d from a need t o r a t e t h e p e r f o r m a n c e of w o r k e r s by u s i n g s a m p l i n g 
d a t a . They e s t a b l i s h e d a "Per fo rmance Sampl ing P r o j e c t " f o r t h e e x p l i c i t 
p u r p o s e of " p r o v i d i n g an a c c u r a t e and e c o n o m i c a l method of d e t e r m i n i n g , 
w i t h a p r e a s s i g n e d r e l i a b i l i t y , t h e p e r f o r m a n c e l e v e l of l a b o r a c t i v i ­
t i e s . " The r e s u l t i n g s t u d y i s d i s c u s s e d by Ba rnes (8) u n d e r t h e f o l l o w ­
i n g t h r e e p h a s e s : 
I . The i n v e s t i g a t i o n of t h e t y p e of s t a t i s t i c a l d i s t r i b u t i o n 
w h i c h i s r e p r e s e n t a t i v e of p e r f o r m a n c e l e v e l s of m a n u a l l y p a c e d o p e r a ­
t i o n s . 
I I . The d e v e l o p m e n t of a s p e c i f i c s t a t i s t i c a l t e c h n i q u e b a s e d 
upon t h e a p p r o p r i a t e d i s t r i b u t i o n and a p p l i c a b l e t o work measu remen t . 
I I I . The t e s t i n g of t h e v a l i d i t y of t h e p r o p o s e d s t a t i s t i c a l 
method by s t u d i e s a c t u a l l y c a r r i e d o u t i n i n d u s t r i a l o r g a n i z a t i o n s . 
Phase I c o n s i s t e d of t h e c o l l e c t i o n of s e v e r a l o b s e r v a t i o n s on 
p e r f o r m a n c e i n d i c e s and t h e e x a m i n a t i o n of t h e f r e q u e n c y d i s t r i b u t i o n 
of t h e d a t a f o r conformance t o some known d i s t r i b u t i o n . The d a t a most 
c l o s e l y r e s e m b l e d a n o r m a l d i s t r i b u t i o n , however a c h i - s q u a r e g o o d n e s s -
o f - f i t t e s t r e j e c t e d t h e a s s u m p t i o n o f n o r m a l i t y . B a r n e s ' c o n c l u s i o n 
was t h a t " w i t h t h e r e j e c t i o n of t h e h y p o t h e s i s of n o r m a l i t y , i t was 
d e c i d e d t h a t no g e n e r a l i z a t i o n s c o u l d be made a b o u t t h e d i s t r i b u t i o n o f 
p e r f o r m a n c e i n d i c e s . " 
I n view of t h e r e s u l t s of P h a s e I , t h e a p p r o a c h i n P h a s e I I was t o 
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u s e n o n p a r a m e t r i c m e t h o d s . Using T c h e b y c h e f f ' s I n e q u a l i t y which s t a t e s 
t h a t r e g a r d l e s s of t h e n a t u r e of t h e d e n s i t y f u n c t i o n of a random v a r i ­
a b l e , t h e p r o b a b i l i t y of an o b s e r v a t i o n b e i n g f a r t h e r t h a n k s t a n d a r d 
d e v i a t i o n s from t h e mean i s l e s s t h a n l / k ^ , and a p p l y i n g t h i s t o t h e 
d i s t r i b u t i o n of sample means of p e r f o r m a n c e i n d i c e s , t h e r e l a t i o n s h i p 
9 2 2 
1/k^ = a Z / c r was o b t a i n e d , where d i s t h e d i f f e r e n c e b e t w e e n t h e 
p o p u l a t i o n mean and t h e sample mean. R e p l a c i n g a_ by a/*/ri , a n 
x 
e q u a t i o n f o r n , t h e number of o b s e r v a t i o n s n e c e s s a r y f o r a 1 - cn 
c o n f i d e n c e l e v e l t h a t t h e a v e r a g e p e r f o r m a n c e i n d e x i s w i t h i n ± d of 
p 
t h e t r u e mean ( a = l / k * ) , was found t o be 
n = a 2 / d 2 a . (6 ) 
T h i s sample s i z e mus t n e c e s s a r i l y be an a p p r o x i m a t i o n s i n c e t h e s t a n d a r d 
d e v i a t i o n i s unknown. To u s e t h i s a p p r o a c h , Ba rnes s t a t e s t h a t an e s t i ­
mate of t h e s t a n d a r d d e v i a t i o n i s o b t a i n e d , t h e sample s i z e c a l c u l a t e d , 
and t h e sample drawn, from which a c o n f i d e n c e l i m i t can be s e t on t h e 
s t a n d a r d d e v i a t i o n . He s t a t e s t h a t t h e l e v e l of a c c u r a c y s p e c i f i e d i s 
o b t a i n e d i f t h e u p p e r c o n f i d e n c e l i m i t i s l e s s t h a n t h e e s t i m a t e of t h e 
s t a n d a r d d e v i a t i o n c h o s e n . T h i s p r a c t i c e r e s u l t s i n a sample s i z e c a l ­
c u l a t e d from an o v e r e s t i m a t e of t h e s t a n d a r d d e v i a t i o n , which a s s u r e s t h e 
d e s i r e d a c c u r a c y . Whi l e t h e a p p r o a c h i s v a l i d , t h e d e c i s i o n maker p a y s 
f o r such a s s u r a n c e i n t e r m s of exce 's ' s ive s a m p l i n g . F o r e x a m p l e , i f 
d = 2 , and k = 2 , n i s s i m p l y a and a 20% o v e r e s t i m a t e of t h e 
s t a n d a r d d e v i a t i o n r e s u l t s i n a sample UU% t oo l a r g e . T h i s i s a s e v e r e 
p e n a l t y t o p a y f o r h i g h l e v e l s erf c o n f i d e n c e i n t h e e s t i m a t e s . 
P h a s e I I I of t h e s t u d y was c a r r i e d o u t by compar ing p e r f o r m a n c e 
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s a m p l i n g w i t h t ime s t u d y . A l a r g e number of s t u d i e s was c o n d u c t e d i n 
e i g h t d i f f e r e n t i n d u s t r i a l o r g a n i z a t i o n s . The p r o c e d u r e was t o have 
t h e same o b s e r v e r t i m e s t u d y an o p e r a t i o n and s u b s e q u e n t l y s t u d y i t by 
work s a m p l i n g i n o r d e r t o g e t a s a m p l i n g e s t i m a t e of t h e p e r f o r m a n c e 
i n d e x o f t h e o p e r a t o r . Th i s a p p r o a c h was u s e d t o e l i m i n a t e one p o s s i ­
b l e s o u r c e of e r r o r — d i f f e r e n c e s be tween r a t e r s i n t h e i r c o n c e p t of 
n o r m a l p e r f o r m a n c e . The c l o s e ag r eemen t i n t i m e s t a n d a r d s from t ime 
s t u d y and work s a m p l i n g s u p p o r t e d t h e h y p o t h e s i s t h a t o v e r a l l s t a n d a r d s 
from work s a m p l i n g a r e r e l i a b l e . 
As s t a t e d e a r l i e r , t h e b u l k of work s a m p l i n g l i t e r a t u r e i s t e c h n i q u e 
o r i e n t e d . The f u n d a m e n t a l s of t h e p r o c e d u r e u s i n g b i n o m i a l t h e o r y and 
s i m p l e random s a m p l i n g have been p u b l i s h e d i n a l a r g e number of p u b l i c a ­
t i o n s s e r v i n g v a r i o u s segments of s o c i e t y . However, s i n c e t h e t o o l h a s 
become w i d e l y r e c o g n i z e d a s b e i n g u s e d more i n i n d u s t r i a l e n g i n e e r i n g 
t h a n i n any o t h e r s i n g l e d i s c i p l i n e , i t i s n o t e w o r t h y t h a t t h e more s i g n i f ­
i c a n t c o n t r i b u t i o n s t o t h e e x p a n s i o n and u n d e r s t a n d i n g of t h e t h e o r y of 
work s a m p l i n g have been made by i n d u s t r i a l e n g i n e e r s . The f i r s t a r t i c l e 
p e r t i n e n t t o work s a m p l i n g which was p u b l i s h e d i n t h e J o u r n a l of I n d u s ­
t r i a l E n g i n e e r i n g (35) was one which e x p l i c i t l y s t a t e d t h e " s t a n d a r d " 
p r o c e d u r e u s i n g b i n o m i a l t h e o r y . Tha t p a p e r r e p o r t e d t h e r e s u l t s of 
r e s e a r c h a t t h e U n i v e r s i t y of C a l i f o r n i a u n d e r t h e I n d u s t r i a l L o g i s t i c s 
R e s e a r c h P r o j e c t . The r e s e a r c h was c o n d u c t e d f o r t h e p u r p o s e of i n v e s t i ­
g a t i n g t h e f e a s i b i l i t y of work s a m p l i n g i n g e n e r a l . S e v e r a l o t h e r 
a r t i c l e s p u b l i s h e d i n t h e e a r l y 1 9 5 0 ' s were a l s o c o n n e c t e d w i t h U n i v e r ­
s i t y of C a l i f o r n i a r e s e a r c h p r o j e c t s . Sammett and Malcolm p r e s e n t e d two 
p a p e r s i n 1954-. one d e a l i n g w i t h a p p l i c a t i o n s of work s a m p l i n g (34-), t h e 
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o t h e r w i t h c r i t e r i a f o r a n a l y s i s and a c c u r a c y {UU). In t h e f i r s t a r t i c l e 
t h e y p o i n t o u t t h e g rowing scope of work s a m p l i n g a p p l i c a t i o n s i n such 
a r e a s a s equ ipment and o p e r a t o r u t i l i z a t i o n s t u d i e s , work s i m p l i f i c a t i o n 
a n a l y s e s , t h e d e t e r m i n a t i o n of e l e m e n t and p r o d u c t i o n u n i t t i m e r e q u i r e ­
m e n t s , s t u d i e s of t h e f low p a t t e r n of m a t e r i a l s h a n d l i n g , s t u d i e s of 
j o b s i n v o l v i n g team methods of o p e r a t i o n , and numerous o t h e r s . In t h e 
s econd a r t i c l e , t h e i r o b j e c t i v e was " t o c o n s i d e r t h e r e l a t i v e l y nar row 
p r o b l e m of s t a t i s t i c a l t e s t s of r e l i a b i l i t y i n s i t u a t i o n s where t h e 
b i n o m i a l law i s a p p l i c a b l e . " T h i s a r t i c l e d e a l s w i t h s e t t i n g c o n f i d e n c e 
l i m i t s and c a l c u l a t i n g sample s i z e s when s i m p l e random s a m p l i n g i s u sed 
and t h e b i n o m i a l law i s a p p l i c a b l e . The a u t h o r s a l s o p o i n t o u t a need 
f o r f u r t h e r t h e o r e t i c a l r e s e a r c h f o r t h e p u r p o s e of d e t e r m i n i n g which of 
t h e newer s t a t i s t i c a l p r o c e d u r e s have a p p l i c a t i o n i n work s a m p l i n g . S p e ­
c i f i c m e n t i o n i s made of t h e a n a l y s i s of v a r i a n c e and r e g r e s s i o n t h e o r y , 
b u t no a t t e m p t i s made t o e v a l u a t e any t e c h n i q u e o t h e r t h a n t h e u s e of 
b i n o m i a l t h e o r y . 
Whi le t h e e n t i r e s cope of B a r n e s ' "Pe r fo rmance S a m p l i n g " a s d i s ­
c u s s e d above was p u b l i s h e d i n t h e J o u r n a l of I n d u s t r i a l E n g i n e e r i n g , i t 
was n o t u n t i l two y e a r s a f t e r Sammett and M a l c o l m ' s s u g g e s t i v e r e m a r k s 
t h a t s t u d i e s a p p e a r e d i n t h e p u b l i c a t i o n u s i n g a n a l y s i s of v a r i a n c e c o n ­
c e p t s . Co te and S c o t t (18) of t h e Pu rdue S t a t i s t i c a l L a b o r a t o r y s o u g h t 
t o compare a l l day t i m e s t u d y and work s a m p l i n g t h r o u g h t h e u s e of a n a l y ­
s i s of v a r i a n c e . T h e i r i n t e n t i o n was t o t e s t t h e f o l l o w i n g a s s u m p t i o n s 
g e n e r a l l y made i n work measu remen t : 
( a ) Tha t t h e p r o c e s s i s s t a b l e ; i . e . , t h a t t h e d a i l y v a r i a b i l i t y 
i s s m a l l . 
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(b ) Tha t t h e o n e , two, o r more mach ines o r work s t a t i o n s s t u d i e d 
a r e t y p i c a l o f a l l mach ines o r work s t a t i o n s p e r f o r m i n g t h a t 
s p e c i f i c j o b , and i f a r a t e i s s e t o r work l o a d c a p a b i l i t y e s t i ­
mated f o r t h i s s m a l l s a m p l e , i t s h o u l d be a p p l i c a b l e t o s i m i l a r 
mach ines o r work s t a t i o n s . 
( c ) Tha t t h e v a r i a b i l i t y among t h e d i f f e r e n t o p e r a t o r s o r crews 
i s n e g l i g i b l e o r can be r e d u c e d t o a n e g l i g i b l e v a l u e by r a t i n g . 
As Cote and S c o t t p o i n t o u t , i f work measurement i s u s e d f o r t h e 
p u r p o s e of e s t i m a t i n g f u t u r e c a p a b i l i t i e s o r r e q u i r e m e n t s , i t i s i m p o r t ­
a n t t h a t t h e p r o c e s s be s t a b l e o r n e a r l y s o . They a l s o make t h e s t a t e ­
m e n t : 
One i n t e r e s t i n g and v e r y p e r t i n e n t p o i n t i s t h a t t h e u s e of t h e 
b i n o m i a l f o r m u l a a l o n e t o compute t h e a c c u r a c y l e v e l o b t a i n e d i n 
a work s a m p l i n g p rogram i g n o r e s s o u r c e s of e r r o r of l a r g e r mag­
n i t u d e , namely t h e v a r i a t i o n among men, and t h e d a y - t o - d a y v a r i ­
a t i o n o f t h e men. 
T h e i r a p p r o a c h u s i n g a n a l y s i s of v a r i a n c e t e c h n i q u e s t a k e s t h e s e s o u r c e s 
o f e r r o r i n t o a c c o u n t . The s t u d y was c o n d u c t e d f o r t h r e e s p e c i f i c p u r ­
p o s e s , which w e r e : ( l ) t o make e s t i m a t e s o f t h e a v e r a g e p r o p o r t i o n of 
t i m e p e r man p e r day s p e n t on v a r i o u s f u n c t i o n s of t h e work , (2) t o e s t i ­
mate t h e magn i tude o f t h e components of e r r o r , and (3) t o compare t h e 
r e s u l t s of t h e two t y p e s of s ampl ing (work s amp l ing v e r s u s a l l day t ime 
s t u d y ) f o r d i f f e r e n c e s i n b i a s . The b a s i c measurement made on t h e i t h 
w o r k e r on t h e j t h day was t h e p r o p o r t i o n of t ime . t h a t t h e worke r s p e n t 
p e r f o r m i n g t h e g i v e n a c t i v i t y . Th i s was c o n s i d e r e d t o be t h e f o l l o w i n g 
sum, 
x . . = n + w + d . + (wd) 
1 J i J i j 
i n wh ich 
H - t h e g e n e r a l a v e r a g e o v e r a l l w o r k e r s o v e r a l l d a y s , 
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w = t h e a v e r a g e amount worke r i d e v i a t e s from u. 
1 
d . = t h e a v e r a g e amount day j d e v i a t e s from \i, and 
J 
( w d ) ^ . = worke r i ' s r e s i d u a l v a r i a t i o n on day j . 
Us ing a w e l l known a p p r o a c h to a n a l y s i s of v a r i a n c e , t h e a u t h o r s p r o ­
ceeded t o make o b s e r v a t i o n s u s i n g b o t h a l l day t ime s t u d y and work 
2 2 
s a m p l i n g . E s t i m a t e s of t h e components of v a r i a n c e a w , , and 
a were c a l c u l a t e d u n d e r each t y p e of o b s e r v a t i o n and compared . The 
wd 
g e n e r a l c o n c l u s i o n of t h e s t u d y was t h a t work s amp l ing was s u p e r i o r t o 
a l l day t i m e s t u d y b e c a u s e e s t i m a t e s of t i m e s p e n t on t h e a c t i v i t i e s 
i n v o l v e d c o u l d be o b t a i n e d w i t h e q u a l e r r o r v a r i a n c e s when t ime s p e n t 
on work s a m p l i n g was o n l y h a l f t h a t s p e n t on t i m e s t u d y . 
Numerous p u b l i c a t i o n s a p p e a r e d d u r i n g t h e m i d - 1 9 5 0 ' s on a p p l i c a ­
t i o n s of work s a m p l i n g b u t o n l y a few d e a l t w i t h t h e o r e t i c a l p r o b l e m s of 
t h e t o o l . Moder and H a l l a d a y (37) s t u d i e d t h e p r o b l e m of a v a r i a b l e 
l a b o r f o r c e on l o n g c y c l e o p e r a t i o n s . They conc luded t h a t t h e e f f e c t 
of t h e c o r r e l a t i o n of w o r k e r s a c t i v i t i e s on t h e s a m p l i n g e r r o r of e s t i ­
m a t e s o b t a i n e d c o u l d s e r i o u s l y a f f e c t t h e r e l i a b i l i t y of t h e r e s u l t s . 
Two books on work s a m p l i n g were p u b l i s h e d i n 1957 and b o t h a d v o ­
c a t e d t h e a p p l i c a t i o n of b i n o m i a l t h e o r y and s i m p l e random s a m p l i n g 
( 8 , 3 2 ) , w i t h no t r e a t m e n t of t h e g a i n s p o s s i b l e t h r o u g h o t h e r s a m p l i n g 
m e t h o d s . One of t h e books (32) does r e c o g n i z e t h a t improvements i n work 
s a m p l i n g a r e p o s s i b l e from t h i s s o u r c e . 
Conway, i n an a r t i c l e t i t l e d "Some S t a t i s t i c a l C o n s i d e r a t i o n s i n 
Work Sampl ing" ( l 6 ) e n u m e r a t e s a l t e r n a t i v e ways of o b t a i n i n g r e d u c e d 
sample s i z e s i n work s a m p l i n g . In e f f e c t , he s u g g e s t s t h e u s e of s t r a t i ­
f i e d s a m p l i n g p r o c e d u r e s and a l s o c o n s i d e r s t h e c a s e where o b s e r v a t i o n s 
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a r e made i n g roups when s u b j e c t s w i t h i n t h e group a r e n o t i n d e p e n d e n t . 
He f u r t h e r p o i n t s o u t t h a t i f t h e a c t i v i t y b e i n g sampled i s c o m p l e t e l y 
f r e e of c y c l i c b e h a v i o r , s y s t e m a t i c s a m p l i n g may be u s e d f o r p r o v i d i n g , a 
more e f f e c t i v e method of d a t a c o l l e c t i o n . The p o i n t s made by Conway a r e 
s u g g e s t i v e of ways t o improve t h e t h e o r e t i c a l a s p e c t s of work s a m p l i n g , 
b u t t h e y a p p e a r t o have gone unheeded i n p r a c t i c e due t o a l a c k of f u r ­
t h e r d e v e l o p m e n t . 
Gambre l l and h i s s t u d e n t s a t A r i z o n a S t a t e U n i v e r s i t y ( 2 5 , 26) 
have done e x t e n s i v e r e s e a r c h on t h e u s e of memomotion c o n c e p t s i n work 
s a m p l i n g . The p r o c e d u r e u t i l i z e s a m o t i o n p i c t u r e camera f o r r e c o r d i n g 
o b s e r v a t i o n s , and r e s u l t s i n ( l ) a p e r m a n e n t r e c o r d , (2) e l i m i n a t i o n of 
p u r p o s e f u l o p e r a t o r b e h a v i o r , (3) r e d u c e d s u b j e c t i v i t y , and (4) r e d u c e d 
s t u d y c o s t s . A l though t h e y found t h e p r o c e d u r e t o have m e r i t i n some 
r e g p e c t s , t h e y a l s o found t h a t i t i s s e v e r e l y hampered due t o t h e s m a l l 
a r e a c o v e r e d by t h e camera , and none t h e l e s s s i g n i f i c a n t , t h e i n a b i l i t y 
t o i d e n t i f y t h e a c t i v i t i e s p r o p e r l y on t h e f i l m . F u r t h e r s t u d y by t h i s 
g roup r e s u l t e d i n t h e deve lopmen t of a random a c t u a t i n g d e v i c e which al lowed 
random samples t o be t a k e n w i t h t h e camera i n s t e a d of t h e e a r l i e r p e r i o d i c 
s a m p l e . Again t h e s e e f f o r t s t o improve t h e a p p l i c a t i o n a s p e c t s of t h e 
t e c h n i q u e p r o d u c e d no advancement i n t h e t h e o r y . W i l l i a m s (52) and 
B a r i a m e n t (5) a l s o d i s c u s s t h e a p p l i c a t i o n of memomotion t e c h n i q u e s a s 
w e l l a s t h e u s u a l a p p r o a c h t o work s a m p l i n g w i t h comments on a compar i son 
of t h e two m e t h o d s . The re i s l i t t l e d i f f e r e n c e i n t h e t h e o r y which h a s 
been a p p l i e d i n each c a s e ; however t h e a d m i n i s t r a t i v e a d v a n t a g e s p o i n t e d 
o u t above a r e somet imes s i g n i f i c a n t . 
No doub t t h e most e x t e n s i v e work s a m p l i n g s t u d y t o be found i n t h e 
l i t e r a t u r e i s one r e p o r t e d by M i n d l i n (36) of t h e S o c i a l S e c u r i t y 
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A d m i n i s t r a t i o n . The p r o p o r t i o n s of t i m e s p e n t i n e i g h t e e n m e a s u r a b l e and 
s i x n o n m e a s u r a b l e a c t i v i t i e s of work i n v o l v e d i n c a r r y i n g o u t t h e admin­
i s t r a t i o n ' s d u t i e s were s o u g h t . The a r e a of t h e sample i n c l u d e d t h e 
U n i t e d S t a t e s and i t s t e r r i t o r i e s and i n v o l v e d 600 d i s t r i c t o f f i c e s 
made up of t h o u s a n d s of e m p l o y e e s . S t r a t i f i c a t i o n was u s e d t o i n c r e a s e 
t h e s t a t i s t i c a l v a l i d i t y of t h e r e s u l t s . An " u l t i m a t e s t r a t u m " c o n s i s t e d 
of a r e g i o n , a g roup s i z e , a p o s i t i o n t y p e , and a t i m e d i v i s i o n , t h e l a t ­
t e r b e i n g a c l a s s i f i c a t i o n of i n - o f f i c e , o u t - o f - o f f i c e , o v e r t i m e , e t c . 
In a d d i t i o n t o s t r a t i f i c a t i o n , c l u s t e r s a m p l i n g was employed, w i t h 
s a m p l i n g a t two s t a g e s . S t a g e I c o n s i s t e d of c h o o s i n g m d i s t r i c t 
o f f i c e s a t random and s t a g e I I was t h e s e l e c t i o n of t o b s e r v a t i o n s 
on t h e a c t i v i t i e s of t h e i t h o f f i c e . Each o f f i c e was c o n s i d e r e d a s a 
c l u s t e r . Whi le t h e c o m p l e x i t i e s of c a l c u l a t i o n p r e s e n t e d by M i n d l i n 
seem f o r m i d a b l e , i t i s s i g n i f i c a n t t o n o t e t h a t t h i s i s a l a r g e s c a l e 
a p p l i c a t i o n of work s a m p l i n g which u t i l i z e s s e v e r a l of t h e advanced 
s a m p l i n g methods of s u r v e y s a m p l i n g . T h i s s t u d y s u p p o r t s t h e t h e s i s 
t h a t sample s u r v e y methods can be a p p l i e d i n work s a m p l i n g t o improve 
t h e e f f i c i e n c y o f s a m p l i n g a s w e l l a s b r o a d e n t h e c o v e r a g e of t h e t o o l . 
R o s a n d e r of t h e I n t e r n a l Revenue S e r v i c e h a s made s i g n i f i c a n t 
a p p l i c a t i o n s of work s a m p l i n g f o r p u r p o s e s of c o s t e s t i m a t i o n and c o n ­
t r o l ( 4 2 , 4 3 ) . He employs e l e m e n t a r y c o n c e p t s of random and c l u s t e r 
s a m p l i n g i n s a m p l i n g e m p l o y e e - m i n u t e s and c l u s t e r - m i n u t e s i n o r d e r t o 
e s t i m a t e s a l a r y c o s t s of v a r i o u s a c t i v i t i e s f o r b u d g e t a r y p u r p o s e s . 
The o b s e r v a t i o n s made were t h e c o s t s of one m i n u t e ' s work and t h e 
r e s u l t from t h e s t u d y was an o v e r a l l d o l l a r e s t i m a t e of l a b o r c o s t s . 
T h e o r e t i c a l a s p e c t s of t h e e s t i m a t e s were n o t d i f f e r e n t from t h e u s u a l 
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b i n o m i a l t h e o r y , a l t h o u g h he r e c o g n i z e d t h a t t h e v a r i a n c e s o f e s t i m a t e s 
from c l u s t e r - m i n u t e s s h o u l d employ a p p r o p r i a t e c l u s t e r s a m p l i n g t h e o r y . 
The s i g n i f i c a n t d e v i a t i o n from t h e u s u a l work s a m p l i n g s t u d y i s t h a t t h e 
p a r e n t p o p u l a t i o n was a c o s t a r r a y r a t h e r t h a n an a c t i v i t y a r r a y . 
H a l s e y of G e n e r a l Foods C o r p o r a t i o n h a s p r e s e n t e d a model f o r work 
s a m p l i n g c a l l e d t h e GREDS t h e o r y ( 2 9 ) • T h i s method p l a c e s emphas i s on 
s t u d i e s i n f i r m s which c o v e r a l a r g e g e o g r a p h i c a l a r e a and i n which g roups 
of w o r k e r s o b s e r v e d s i m u l t a n e o u s l y a r e n o t i n d e p e n d e n t l y employed . The 
l a t t e r p o i n t i n v a l i d a t e s t h e u s e of b i n o m i a l t h e o r y and due t o c o n c e s ­
s i o n s o f t e n made i n t h e t h e o r y where r o u t e o b s e r v a t i o n s a r e made, t h e 
c o v e r a g e of l a r g e a r e a s o f t e n v i o l a t e s t h e p u r e l y random p a t t e r n f o r 
o b s e r v a t i o n which t h e b i n o m i a l t h e o r y demands . The e s s e n c e of H a l s e y ' s 
new t h e o r y i s t h e u s e of r a t i o e s t i m a t e s , a method from s u r v e y s a m p l i n g , 
t o d e t e r m i n e t h e p r o p o r t i o n of t i m e s p e n t p e r f o r m i n g t h e v a r i o u s p h a s e s 
of an a c t i v i t y . In o r d e r f o r t h e t h e o r y t o be a p p l i c a b l e , he d i v i d e s t h e 
g e o g r a p h i c a l c o n f i n e s of a p l a n t i n t o u n e q u a l s u b d i v i s i o n s which have 
a p p r o x i m a t e l y e q u a l numbers of employees i n them. The s u b d i v i s i o n s a r e 
c a l l e d GREDS ( i n s t e a d of g r i d s , which i n d i c a t e s e q u a l s u b d i v i s i o n s ) and 
o b s e r v a t i o n s a r e made on t h e number employed i n t h e a c t i v i t y u n d e r s t u d y . 
The r a t i o e s t i m a t e i s p ^ , t h e number employed i n t h e a c t i v i t y d i v i d e d 
by t h e number i n t h e i t h g r e d a t t h e t i m e o f o b s e r v a t i o n . The o v e r a l l 
e s t i m a t e of t h e p r o p o r t i o n s o u g h t i s t h e n s i m p l y p , t h e sum of a l l 
o b s e r v a t i o n s on p e r s o n s p e r f o r m i n g t h e a c t i v i t y d i v i d e d by t h e sum of 
a l l o b s e r v e d p e r s o n s . The e x p e c t e d v a l u e of t h i s e s t i m a t e i s n o t q u i t e 
t h e same a s t h e e x p e c t e d v a l u e of t h e u n b i a s e d b i n o m i a l e s t i m a t e ; however 
t h e b i a s i s n e g l i g i b l e f o r modera t e sample s i z e s . The v a r i a n c e of t h e 
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e s t i m a t e must be c a l c u l a t e d u s i n g t h e t h e o r y of r a t i o e s t i m a t i o n . The 
u s u a l p r o c e d u r e i s t h e n f o l l o w e d i n s e t t i n g c o n f i d e n c e l i m i t s on t h e 
e s t i m a t e s . 
P u b l i c a t i o n s p e r t i n e n t t o work s a m p l i n g r e a c h e d a p e a k i n t h e 
m i d - 1 9 5 0 ' s ( i n number) and have been d i m i n i s h i n g s i n c e t h a t t i m e . As 
t h e f o r e g o i n g r e v i e w has i n d i c a t e d , a few s t u d i e s have been made which 
u t i l i z e s p e c i f i c a s p e c t s of s u r v e y s a m p l i n g , b u t no c o m p r e h e n s i v e s t u d y 
of b r o a d a p p l i c a t i o n s of t h i s t h e o r y t o work s a m p l i n g h a s a p p e a r e d . I t 
i s t h e p r i m a r y p u r p o s e of t h i s r e s e a r c h t o improve t h e s a m p l i n g p r o c e ­
d u r e s and s u b s e q u e n t d a t a a n a l y s e s f o r work s a m p l i n g s t u d i e s by employ­
i n g m e t h o d o l o g i e s from t h e f i e l d of s u r v e y s a m p l i n g . 
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CHAPTER I I I 
SIMPLE RANDOM WORK SAMPLING 
The Scope of t h i s C h a p t e r 
T h i s c h a p t e r d e a l s w i t h t h e f i r s t s p e c i f i c o b j e c t i v e s e t f o r t h i n 
C h a p t e r I , and p r e s e n t s an i n t r o d u c t i o n t o s amp l ing t e r m i n o l o g y and n o t a ­
t i o n i n t e rms of t h e s i m p l e s t k i n d of s a m p l i n g mode l , s i m p l e random sam­
p l i n g . S imple random s a m p l i n g can u s u a l l y be b e t t e r e d f o r most s amp l ing 
p r o b l e m s . The more complex s amp l ing p l a n s r e p r e s e n t v a r i o u s d e v i a t i o n s 
from s i m p l e random s a m p l i n g . These d e v i a t i o n s a r e i n t r o d u c e d f o r a s i n g l e 
r e a s o n — t o i n c r e a s e t h e e f f i c i e n c y of g a t h e r i n g a d e s i r e d amount of i n ­
f o r m a t i o n and t h u s m i n i m i z e t h e e x p e n d i t u r e of r e s o u r c e s . S u c c e e d i n g 
c h a p t e r s w i l l d e a l w i t h t h e use of v a r i o u s sample d e s i g n s i n work s a m p l i n g 
o t h e r t h a n s i m p l e random s a m p l i n g . T h i s c h a p t e r w i l l d e p i c t t h e c u r r e n t 
ma jo r a p p r o a c h t o work s a m p l i n g as an a p p l i c a t i o n of s i m p l e random s a m p l i n g 
a l o n g w i t h an e x p l i c i t s t a t e m e n t of t h e n e c e s s a r y s i m p l e random s a m p l i n g 
t h e o r y , i n c l u d i n g i t s l i m i t a t i o n s . To f a c i l i t a t e c o m p a t a b i l i t y w i t h t h e 
mode l s d e v e l o p e d l a t e r , a s i m p l e random work s a m p l i n g a p p r o a c h i s p r e ­
s e n t e d i n a n o t a t i o n wh ich i s u s e d t h r o u g h o u t t h e s t u d y . 
Some G e n e r a l Comments About Sampl ing 
I n any s i t u a t i o n , t h e d e c i s i o n t o g a t h e r i n f o r m a t i o n v i a t h e u s e of 
s a m p l i n g , r e s u l t s from t h e f a c t t h a t c e r t a i n economies may b e g a i n e d by 
d o i n g s o . In 1 9 5 3 , H. C. G r i e v e s ( 3 1 , V o l . I , Foreword) s t a t e d t h a t 
h u n d r e d s of m i l l i o n s of d o l l a r s have been s p e n t d u r i n g t h e p a s t t w e n t y -
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f i v e y e a r s i n t h i s c o u n t r y f o r s t a t i s t i c s . I n c r e a s e d e m p h a s i s on s t a ­
t i s t i c a l a n a l y s e s i s e v i d e n t from t h e number of d i s c i p l i n e s now r e q u i r ­
i n g f o r m a l t r a i n i n g i n s t a t i s t i c a l m e t h o d s . These f a c t s i n d i c a t e t h e 
e x t e n t t o which modern b u s i n e s s depends on s t a t i s t i c a l d a t a . S i n c e 
s a m p l i n g i s t h e b a s i s f o r a l l s t a t i s t i c a l e s t i m a t i o n , i t p l a y s an e v e r 
i n c r e a s i n g r o l e i n t h e s o l u t i o n of p r o b l e m s i n a l m o s t a l l p h a s e s of b u s i ­
n e s s , gove rnmen t , and s c i e n c e . 
The manner i n which d a t a i s c o l l e c t e d i n a s a m p l i n g scheme d e t e r ­
mines i t s u s e f u l n e s s . The e r r o r s of e s t i m a t e s c a l c u l a t e d from samples 
a r e f u n c t i o n s of t h e sample d e s i g n , and s i n c e t h e fo rmer a r e of u t m o s t 
i m p o r t a n c e i n any s t a t i s t i c a l a n a l y s i s , t h e sample d e s i g n becomes t h e key 
t o s a m p l i n g s u c c e s s . I n o r d e r t o d e s i g n e f f i c i e n t s a m p l i n g p r o c e d u r e s , 
one mus t c o n s i d e r t h e e f f i c i e n t , u s e of a l l a v a i l a b l e r e s o u r c e s , i n c l u d i n g 
i n f o r m a t i o n a b o u t t h e p o p u l a t i o n t o be s ampled . The optimum d e s i g n i s 
t h e one which combines t h e p h y s i c a l f a c i l i t i e s , p e r s o n n e l , and a v a i l a b l e 
s t a t i s t i c a l i n f o r m a t i o n a b o u t t h e u n i v e r s e b e i n g s t u d i e d i n a manner which 
m i n i m i z e s t o t a l e x p e n d i t u r e s of r e s o u r c e s w h i l e g a i n i n g t h e d e s i r e d i n ­
f o r m a t i o n . I t i s a l m o s t a lways p o s s i b l e t o u s e s e v e r a l a l t e r n a t i v e 
sample d e s i g n s i n c o l l e c t i n g d a t a f o r a g i v e n p r o b l e m , b u t one must be 
a b l e t o make a r a t i o n a l c h o i c e among t h e s e i f he i s t o p r o d u c e an e f f i ­
c i e n t p l a n . 
I t ' was n o t e d i n t h e l i t e r a t u r e s e a r c h t h a t t h e p r i m a r y d i f f e r e n c e 
be tween e a r l y s a m p l i n g methods and modern ones i s t h e u s e of p r o b a b i l i t y 
t h e o r y . W i t h o u t t h e l a t t e r t h e r e i s no method which w i l l a l l o c a t e 
r e s o u r c e s t o a s a m p l i n g scheme i n an optimum f a s h i o n . Wi th p r o b a b i l i t y 
t h e o r y , t h e e s t i m a t i o n of t h e v a r i a n c e of s a m p l i n g e r r o r s i s p o s s i b l e i f 
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t h e s a m p l i n g scheme which was employed i s known. With t h i s i n f o r m a t i o n 
t h e p r e c i s i o n of r e s u l t s from d i f f e r e n t schemes may be compared and t h e 
d e s i g n . c h o s e n which w i l l y i e l d t h e d e s i r e d p r e c i s i o n a t minimum c o s t . 
Where s a m p l i n g i s a p p r o p r i a t e t h e r e e x i s t s an a g g r e g a t e of " u n i t s " 
a b o u t which one w i s h e s t o have c e r t a i n i n f o r m a t i o n , b u t which one does 
n o t w i s h t o i n s p e c t i n d i v i d u a l l y . I t i s assumed t h a t t h e r e a r e N such 
u n i t s and t h a t as an a g g r e g a t e t h e y s h a l l be c a l l e d a u n i v e r s e ( o r p o p u ­
l a t i o n ) . The s i z e of t h e p o p u l a t i o n may be f i n i t e o r i n f i n i t e . To g a i n 
e s t i m a t e s of p o p u l a t i o n c h a r a c t e r i s t i c s by u s i n g a s a m p l e , one s e l e c t s a 
p o r t i o n of t h e u n i t s i n t h e u n i v e r s e f o r s t u d y . The p o r t i o n s e l e c t e d i s 
c a l l e d a sample and w i l l c o n t a i n n of t h e t o t a l N u n i t s . The " p l a n " 
a d o p t e d f o r s e l e c t i n g t h e n u n i t s i s known a s t h e s a m p l i n g p l a n . 
As p o i n t e d o u t e a r l i e r , t h e u n i t s chosen i n t h e sample must be 
s e l e c t e d randomly from t h o s e a v a i l a b l e f o r s e l e c t i o n i f p r o b a b i l i t y 
t h e o r y i s t o be a p p l i e d i n a n a l y z i n g t h e d a t a . Only r andomly s e l e c t e d 
s a m p l e s , a s opposed t o s y s t e m a t i c o r h a p h a z a r d s a m p l i n g , w i l l be c o n s i d ­
e r e d i n t h i s s t u d y . I f t h e p o p u l a t i o n s i z e , N, i s f i n i t e , t h e n a r a n ­
dom sample of n u n i t s from t h e p o p u l a t i o n i s one which i s chosen such 
b e i n g s e l e c t e d . I f , however , t h e number of u n i t s i n t h e p o p u l a t i o n i s 
i n f i n i t e , t h e sample of n o b s e r v a t i o n s w i l l be a random sample i f t h e 
n o b s e r v a t i o n s a r e i n d e p e n d e n t and i f e ach u n i t i n t h e p o p u l a t i o n h a s 
t h e same chance of b e i n g i n c l u d e d i n t h e sample a t each s e l e c t i o n . 
The a g g r e g a t e o f u n i t s i n a work s a m p l i n g s i t u a t i o n ( t h e p o p u l a t i o n ) 
The S e l e c t i o n of a S a m p l i n g U n i t 
n u n i t s have t h e same chance of 
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i s t h e t o t a l t i m e p e r i o d of t h e s t u d y . The need a r i s e s f o r s p e c i f y i n g what 
t h e i n d i v i d u a l " u n i t " i n t h e p o p u l a t i o n w i l l be f o r t h e p u r p o s e s of sam­
p l i n g . To a p p l y p r o b a b i l i t y s a m p l i n g t h e o r y f o r making e s t i m a t e s of p o p ­
u l a t i o n p a r a m e t e r s , and f o r c a l c u l a t i n g t h e v a r i a n c e s o f such e s t i m a t e s , 
i t i s n e c e s s a r y t h a t t h e u n i t u l t i m a t e l y sampled be t h e b a s i c u n i t i n t h e 
p o p u l a t i o n on which t h e e s t i m a t e s a r e t o be made. H i s t o r i c a l l y , work 
s a m p l i n g p r a c t i t i o n e r s have s e l e c t e d m i n u t e s a s t h e b a s i c s a m p l i n g u n i t . 
The t h e o r y a p p l i e d f o r making e s t i m a t e s from t h e d a t a h a s been t h a t which 
as sumes an i n f i n i t e p o p u l a t i o n . A c t u a l l y , i f m i n u t e s a r e chosen a s t h e 
s a m p l i n g u n i t , t h e n t h e p o p u l a t i o n sampled c o n s i s t s of a f i n i t e number 
of m i n u t e s and a c l o s e r i n v e s t i g a t i o n i s n e c e s s a r y t o d e t e r m i n e w h e t h e r 
o r n o t t h e i n f i n i t e t h e o r y i s a p p l i c a b l e . 
The i n t e r v a l of one minu te h a s o b v i o u s l y been chosen f o r p r a c t i c a l 
c o n s i d e r a t i o n s . I t i s e x p e d i e n t t o choose an i n t e r v a l such t h a t random­
i z a t i o n o f t h e o b s e r v a t i o n s can be c o n v e n i e n t l y c a r r i e d o u t . One m i n u t e 
a p p e a r s t o be a b o u t t h e s m a l l e s t t i m e u n i t f o r which t h i s w i l l be p r a c ­
t i c a l . The u s e of i n f i n i t e p o p u l a t i o n s a m p l i n g t h e o r y i s j u s t i f i e d i n 
t h e f o l l o w i n g way. The i n t e r v a l chosen (one m i n u t e ) i s c o n s i d e r e d t o be 
a p e r i o d i n which one w i l l o b s e r v e t h e a c t i v i t y a t some random i n s t a n t , 
t h e r a n d o m i z a t i o n of i n s t a n t s b e i n g l e f t t o n a t u r a l phenomena. The 
number of i n s t a n t s i n t h e e n t i r e p o p u l a t i o n o b v i o u s l y a p p r o a c h e s i n f i n ­
i t y . T h i s p r a c t i c e p r e c l u d e s h a v i n g t o r andomize t h e o b s e r v a t i o n s on 
" i n s t a n t s , " which would be a d m i n i s t r a t i v e l y u n e c o n o m i c a l . I t p r o v i d e s 
a random sample of i n s t a n t a n e o u s o b s e r v a t i o n s , and a l l o w s t h e u s e of 
i n f i n i t e p o p u l a t i o n c o n c e p t s . 
Us ing t h e scheme of f i r s t c h o o s i n g a random m i n u t e and t h e n c h o o s i n g 
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a random I n s t a n t w i t h i n t h e chosen m i n u t e y i e l d s t h e same r e s u l t s a s i n i ­
t i a l l y c h o o s i n g a random i n s t a n t , i f t h e scheme I s p r o p e r l y a d m i n i s t e r e d . 
The most i m p o r t a n t r e q u i r e m e n t i s t h a t each minu te i n t h e e n t i r e p o p u ­
l a t i o n be s u b j e c t e d t o s a m p l i n g each t i m e a random m i n u t e i s c h o s e n , 
i . e . , t h e m i n u t e s a r e sampled " w i t h r e p l a c e m e n t . " O t h e r w i s e , t h e f i n a l 
sample of n i n s t a n t s w i l l n o t be a random sample from t h e p o p u l a t i o n of 
N i n s t a n t s , a n e c e s s a r y r e q u i r e m e n t i n t h e a n a l y t i c a l p h a s e s of t h e 
a n a l y s i s . O c c a s i o n a l l y t h i s p r o c e d u r e w i l l r e s u l t i n some m i n u t e s b e i n g 
c h o s e n more t h a n once i n a g i v e n s t u d y . T h i s w i l l r e q u i r e t h a t more t h a n 
one random i n s t a n t be o b s e r v e d w i t h i n such m i n u t e s . Where a s i n g l e o b ­
s e r v a t i o n i s made w i t h i n each chosen m i n u t e t h e r a n d o m i z a t i o n w i t h i n t h e 
chosen minu t e i s l e f t t o n a t u r a l phenomena, such as t h e v a r i a b i l i t y i n 
t h e e x a c t t ime of t h e o b s e r v e r ' s a r r i v a l a t t h e a c t i v i t y , e t c . In c a s e 
more t h a n one o b s e r v a t i o n i s made w i t h i n a chosen m i n u t e , t h e s e may be 
r andomized i n t h e same manner i n which t h e chosen m i n u t e s were r a n d o m i z e d . 
F o r example , two o b s e r v a t i o n s w i t h i n t h e same minu te may be randomized by 
c h o o s i n g two random numbers be tween 1 and 60 ( r e p r e s e n t i n g s e c o n d s ) and 
t h e d i f f e r e n c e be tween t h e s e numbers n o t e d , s ay d. The f i r s t o b s e r v a ­
t i o n c o u l d t h e n be made i n t h e u s u a l f a s h i o n and t h e second one made d 
s e c o n d s l a t e r . T e c h n i c a l l y , t h i s i s e q u i v a l e n t t o a d o p t i n g one second 
of t i m e a s ou r s a m p l i n g u n i t . However,- i n a l l c a s e s of p r a c t i c a l i n t e r ­
e s t , t h i s makes t h e f i n i t e p o p u l a t i o n c o r r e c t i o n f a c t o r e s s e n t i a l l y e q u a l 
t o one and can be assumed as s u c h . 
The f r e q u e n c y w i t h which t h e same m i n u t e i s sampled more t h a n 
once depends on t h e " d e n s i t y " of s a m p l i n g , i . e . , t h e r a t i o of n t o 
t h e number of m i n u t e s i n t h e p o p u l a t i o n , s a y U. In work s a m p l i n g s t u d i e s 
U2 
where n , t h e sample s i z e , i s o n l y a s m a l l f r a c t i o n of U ( t h e u s u a l 
c a s e ) , t h e t o t a l number of m i n u t e s i n t h e p o p u l a t i o n u n d e r s t u d y i n which 
two o r more o b s e r v a t i o n s w i l l o c c u r w i l l n o t be g r e a t . F o r example , i f 
a s t u d y i s made which r e q u i r e d t h a t n = 500 , and U i s 1 0 , 0 0 0 , t h e 
e x p e c t e d number of m i n u t e s w i t h i n which two o r more o b s e r v a t i o n s w i l l 
be r e q u i r e d w i l l be a p p r o x i m a t e l y t w e l v e ( s e e F e l l e r , 2 2 , page 94-). 
I f s amp l ing u n i t s l o n g e r t h a n one m i n u t e were c h o s e n , t h e n a t u r a l 
c a u s e s of r a n d o m i z a t i o n w i t h i n t h e chosen i n t e r v a l would n o t be as o p e r ­
a t i v e , and t h e a s s u m p t i o n of a random sample of i n s t a n t s would be c o n ­
s i d e r a b l y w e a k e r . T h e r e f o r e , i t a p p e a r s a c c e p t a b l e t o choose t h e sam­
p l i n g u n i t of "one m i n u t e " as i t p r o v i d e s t h e n e c e s s a r y p r a c t i c a l f e a t u r e s 
a s w e l l a s t h e n e c e s s a r y t h e o r e t i c a l s e t t i n g f o r a n a l y z i n g t h e d a t a . 
Throughou t t h i s s t u d y , we s h a l l assume t h a t t h e s a m p l i n g u n i t of 
one m i n u t e w i l l be u s e d f o r a d m i n i s t r a t i v e e x p e d i e n c y . W i t h i n a chosen 
m i n u t e , we s h a l l assume t h a t t h e a c t i v i t y i s o b s e r v e d i n s t a n t a n e o u s l y , 
and t h a t t h e number of i n s t a n t a n e o u s o b s e r v a t i o n s p o s s i b l e w i t h i n t h e 
p e r i o d of a s t u d y i s i n f i n i t e . These a s s u m p t i o n s a r e n o t a b s o l u t e l y t r u e 
s i n c e an " i n s t a n t " of t i m e must have f i n i t e d i m e n s i o n s . However, t h e 
a g g r e g a t e number of i n s t a n t s w i l l be so l a r g e f o r a g i v e n s t u d y t h a t 
f i n i t e and i n f i n i t e s a m p l i n g t h e o r y w i l l be e s s e n t i a l l y t h e same. 
S i m p l e Random S a m p l i n g 
I n o r d e r t o i l l u s t r a t e v a r i o u s a s p e c t s of t h e s a m p l i n g p l a n s p r e ­
s e n t e d t h r o u g h o u t t h e r e m a i n d e r of t h i s s t u d y , a t y p i c a l work s a m p l i n g 
u n i v e r s e i s i l l u s t r a t e d i n Appendix A. T h i s a p p e n d i x r e p r e s e n t s an 
a c t i v i t y a r r a y of a h y p o t h e t i c a l work s i t u a t i o n i n which t h e r e a r e f o u r 
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i n d i v i d u a l s engaged i n an a c t i v i t y c o n s i s t i n g of t h r e e s e p a r a t e e l e m e n t s 
( o r s t a t e s ) . The t o t a l span of t h e i l l u s t r a t e d a c t i v i t y i s two weeks , 
o r t e n work ing d a y s . In t h i s c a s e , t h e p o p u l a t i o n h a s b e e n c o n v e n i e n t l y 
r e p r e s e n t e d i n m a n - m i n u t e s . The e l e m e n t a r y s amp l ing u n i t i s an i n s t a n t 
a s d e s c r i b e d i n t h e p r e c e d i n g s e c t i o n . The u n i v e r s e c o n t a i n s an a g g r e ­
g a t e of U = 1 9 , 2 0 0 man-minu te s and an i n f i n i t e number of i n s t a n t s . A 
s i m p l e random sample of m i n u t e s can be s e l e c t e d a number of ways ; how­
e v e r , t h e most c o n v e n i e n t method a p p e a r s t o be by t h e u s e of a random 
number t a b l e . The p r o c e d u r e f o r a c c o m p l i s h i n g t h i s w i l l be d e t a i l e d i n 
a l a t e r s e c t i o n . 
E s t i m a t o r s from a S i m p l e Random Sample 
The n o t a t i o n a d o p t e d f o r t h i s s t u d y i s a s f o l l o w s . U n i v e r s e p r o p e r ­
t i e s w i l l be d e n o t e d by c a p i t a l l e t t e r s and sample p r o p e r t i e s w i l l be 
d e n o t e d by s m a l l l e t t e r s . The N e l e m e n t a r y u n i t s i n t h e u n i v e r s e w i l l 
be assumed t o be numbered from i - 1 t o N. In mos t , b u t n o t a l l c a s e s , 
t h e s a m p l i n g p r o c e d u r e s p r e s e n t e d i n t h i s s t u d y w i l l be d e v e l o p e d u n d e r 
t h e s u p p o s i t i o n t h a t N i s e x t r e m e l y l a r g e . F i n i t e p o p u l a t i o n c o n c e p t s 
w i l l be used i n d e f i n i n g t h e e s t i m a t o r s , t h e i r v a r i a n c e s , e t c . , i n which 
t h e r e a r e N u n i t s i n t h e p o p u l a t i o n and n of t h e s e have been chosen 
i n t h e s a m p l e . When t h e p r o p e r s t a t e m e n t s have been made i n t e r m s of N, 
a f i n i t e p o p u l a t i o n , t h e l i m i t a s N a p p r o a c h e s i n f i n i t y w i l l be t a k e n 
a s t h e p r o p e r e x p r e s s i o n s t o u s e i n work s a m p l i n g a n a l y s e s d e a l i n g w i t h 
i n f i n i t e p o p u l a t i o n s . C h a r a c t e r i s t i c s of u n i t s i n t h e u n i v e r s e which 
a r e t o be measured w i l l be d e n o t e d by l e t t e r s such as X, Y, and Z. 
S p e c i f i c a l l y , f o r t h e i t h u n i t i n t h e u n i v e r s e , t h e s e would be X ^ Y^, 
and Z^. L i k e w i s e , t h e measured c h a r a c t e r i s t i c s f o r t h e i t h u n i t i n t h e 
c h o s e n sample w i l l be x . , y „ , and z . , j = 1 , 2 , , n . 
I n g e n e r a l , t h e c h a r a c t e r i s t i c s of t h e u n i t s t o be s t u d i e d may be 
any wh ich a r e c a p a b l e of b e i n g d e f i n e d . The most common p a r a m e t e r s of 
u n i v e r s e s which one w i s h e s t o s t u d y a r e a v e r a g e s p e r u n i t , t o t a l s f o r 
t h e e n t i r e u n i v e r s e , and p r o p o r t i o n s of t h e u n i v e r s e which p o s s e s s c e r ­
t a i n c h a r a c t e r i s t i c s . The l a t t e r i s t h e measure of mos t i n t e r e s t i n work 
s a m p l i n g . The t o t a l of a s p e c i f i e d c h a r a c t e r i s t i c , s a y X, o v e r a l l 
members i n t h e u n i v e r s e w i l l be 
N 
X , £ X. = X 1 + X 2 + . . . . . . . + V • ( 7 ) 
i = l 
The mean of t h i s c h a r a c t e r i s t i c f o r t h e e n t i r e u n i v e r s e w i l l be 
x = ^ X . / N = X / N • w 
i = l 
I n t h e same manner , t h e t o t a l f o r a sample of n i t e m s w i l l be 
X = ) X . : = X _ | + X n + + x > (9 ) 
n j 1 2 
and t h e sample a v e r a g e w i l l be 
n 
x - > x . / n = x / n . (10) 
L i J 
The sample v a l u e s a r e u sed f o r e s t i m a t i n g t h e u n i v e r s e p a r a m e t e r s and 
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a r e c a l l e d e s t i m a t o r s . A s p e c i f i c r e a l i z a t i o n of an e s t i m a t o r w i l l be 
c a l l e d an e s t i m a t e . 
F o r p r o p o r t i o n s , which a r e of p r i m a r y i m p o r t a n c e i n work sam­
p l i n g , t h e o b j e c t i v e i s t o e s t i m a t e t h e p r o p o r t i o n of t h e N b a s i c 
u n i t s i n t h e u n i v e r s e which p o s s e s s a g i v e n c h a r a c t e r i s t i c . I f X = 1 
i 
when t h e u n i t p o s s e s s e s t h e c h a r a c t e r i s t i c and X. = 0 o t h e r w i s e , t h e n 
t h e f o l l o w i n g n o t a t i o n w i l l s u f f i c e , 
X = ) X_ = T o t a l number of u n i t s i n t h e u n i v e r s e ( l l ) 
r~^ 1 p o s s e s s i n g t h e Xth c h a r a c t e r i s t i c , 
X/N - P r o p o r t i o n of u n i t s i n t h e u n i v e r s e (12) 
p o s s e s s i n g t h e Xth c h a r a c t e r i s t i c . 
F o r t h e s a m p l e , 
T o t a l number of u n i t s i n t h e sample of n (13) 
u n i t s p o s s e s s i n g t h e Xth c h a r a c t e r i s t i c , 
P r o p o r t i o n of u n i t s i n t h e sample (14) 
p o s s e s s i n g t h e Xth c h a r a c t e r i s t i c . 
T h e r e f o r e , an o b s e r v e d v a l u e of p i s u s e d a s an e s t i m a t e of P . Note 
t h a t Q = 1 - P i s t he p r o p o r t i o n of t h e u n i v e r s e n o t p o s s e s s i n g t h e 
c h a r a c t e r i s t i c and q - 1 - p i s t h e p r o p o r t i o n of t h e sample n o t 
p o s s e s s i n g t h e c h a r a c t e r i s t i c . These t e rms a r e i n t r o d u c e d f o r l a t e r 
u s e . 
N 
1=1 
x / n 
j 
x / n 
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P r o p e r t i e s of t h e E s t i m a t o r s 
The e s t i m a t o r s x and p have c e r t a i n p r o p e r t i e s which a r e 
w e l l known i n m a t h e m a t i c a l s t a t i s t i c s . They a r e c o n s i s t e n t , * meaning 
t h a t a s n t h e d i s t r i b u t i o n of t h e e s t i m a t e becomes more c o n c e n ­
t r a t e d a b o u t t h e v a l u e b e i n g e s t i m a t e d ; t h e y a r e u n b i a s e d / ' which 
means t h a t E(x) - X and E(p) = P , where E( ) i s t h e e x p e c t e d 
v a l u e of t h e v a r i a t e i n p a r e n t h e s e s . These a r e d e s i r a b l e p r o p e r t i e s 
of t h e e s t i m a t o r s u sed i n work s a m p l i n g b u t w i l l n o t p l a y a major r o l e 
i n t h i s s t u d y s i n c e mos t of t h e e s t i m a t o r s used a r e u n b i a s e d and c o n ­
s i s t e n t . In f a c t , t h e e s t i m a t o r s x and p a r e s u f f i c i e n t s t a t i s t i c s 
wh ich means t h a t t h e y summarize a l l t h e i n f o r m a t i o n i n t h e sample a b o u t 
t h e p a r a m e t e r s of i n t e r e s t so t h a t no o t h e r s t a t i s t i c w i l l p r o v i d e 
a d d i t i o n a l i n f o r m a t i o n . U n l e s s o t h e r w i s e s t a t e d , t h e e s t i m a t o r s u sed 
w i l l p o s s e s s t h e s e p r o p e r t i e s . 
The measure of p r e c i s i o n commonly u s e d f o r e s t i m a t o r s i n s t a t i s ­
t i c a l a n a l y s e s i s t h e i r s t a n d a r d d e v i a t i o n s . By d e f i n i t i o n , t h e s t a n d ­
a r d d e v i a t i o n of an a g g r e g a t e of measu remen t s ( a u n i v e r s e ) i s 
o r 
"See F r a s e r (24^ page 2 1 5 f f ) . 
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T h e l a t t e r form s i m p l i f i e s some of t h e f o r m u l a s d e v e l o p e d l a t e r . The 
sample s t a n d a r d d e v i a t i o n i s d e n o t e d by 
s
x = • / j . , , (17) 
and i s a u s e f u l e s t i m a t o r of t h e u n i v e r s e s t a n d a r d d e v i a t i o n . Using t h i s 
n o t a t i o n , t h e v a r i a n c e s of x and p a r e found t o b e * 
S 2 
and 
S i n c e p i s a s p e c i a l c a s e of x , t h e s e two f o r m u l a s a r e e q u i v a l e n t . 
I t s h o u l d be n o t e d t h a t f o r e x t r e m e l y l a r g e p o p u l a t i o n s , i . e . , a s N -> c o s 
t h e p r o d u c t of t h e t e r m s (N-n) /N and N / (N-1 ) a p p r o a c h e s u n i t y , s i n c e 
n i s a lways f i n i t e . 
Ano the r measure of p r e c i s i o n which s h o u l d be n o t e d due t o i t s 
f r e q u e n t u s e i n s a m p l i n g l i t e r a t u r e i s t h e c o e f f i c i e n t of v a r i a t i o n . 
2 2 
Where t h e f o r e g o i n g m e a s u r e s of p r e c i s i o n , Q _ and o , a r e a b s o l u t e 
x P 
m e a s u r e s pf t h e p r e c i s i o n of x and p , r e s p e c t i v e l y , t h e c o e f f i c i e n t s 
of v a r i a t i o n , d e f i n e d as 
See Hansen , H u r w i t z , and Madow ( 3 1 , V o l . I I , pp.. 9 2 - 9 6 ) 
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v _ :_- 1 * and V - ^ (20) 
x x P P 
a r e r e l a t i v e m e a s u r e s of p r e c i s i o n . The s q u a r e of t h e c o e f f i c i e n t of 
v a r i a t i o n i s c a l l e d t h e r e l - v a r i a n c e . 
D e s i g n i n g a S imp le Random Sample f o r a S t a t e d Leve l o f P r e c i s i o n 
The p r i m a r y u s e s of t h e f o r e g o i n g m e a s u r e s of p r e c i s i o n a r e c o n ­
c e r n e d w i t h s t a t i n g t h e sample s i z e s n e c e s s a r y f o r o b t a i n i n g e s t i m a t e s 
wh ich a r e " f a i r l y c e r t a i n " of b e i n g w i t h i n a s t a t e d r a n g e of t h e p a r a m e t e r 
b e i n g e s t i m a t e d . , F o r l a r g e samples from l a r g e p o p u l a t i o n s , where t h e 
sample i s n o t a s i g n i f i c a n t p o r t i o n of t h e p o p u l a t i o n , t h e c e n t r a l 
l i m i t t h e o r e m a l l o w s t h e a s s u m p t i o n t h a t x and p a r e a p p r o x i m a t e l y 
n o r m a l l y d i s t r i b u t e d . * Thus i f one w a n t s t h e r e l a t i v e d i f f e r e n c e be tween 
t h e sample e s t i m a t e , p , and t h e t r u e v a l u e , P , t o be no g r e a t e r t h a n 
R w i t h a s t a t e d c o n f i d e n c e , * ' * i „ e „ , t h a t P( 
may s e t k , V - R, i n which k i s a s t a n d a r d no rma l d e v i a t e 
CC/2 p a/2 
c o r r e s p o n d i n g t o t h e chosen c o n f i d e n c e of 1 - Oi0 S o l v i n g f o r n , i t 
f o l l o w s t h a t 
2 
n - - ^ 4 — , (21) 
R P 
w h i c h i s the r e q u i r e d sample s i z e f o r t h e e s t i m a t e t o be w i t h i n t h e 
"See P a r z e n ( 4 1 , p . 3 7 1 f f ) . Also s e e Cochran ( 1 5 , p . 41) f o r 
l i m i t s of t h i s a s s u m p t i o n when t h e v a r i a t e i s p . The a s s u m p t i o n i s 
se ldom a p rob lem i n work s a m p l i n g u n l e s s t h e v a l u e o f P b e i n g e s t i ­
mated i s n e a r z e r o o r one« 
'The c h o i c e of t h e v a l u e of R i n a g i v e n c a s e w i l l r e f l e c t t h e 
d e c i s i o n makers judgment as t o how l a r g e an e r r o r can be t o l e r a t e d i n 
t h e e s t i m a t e . T h i s i s a c t u a l l y an economic c o n s i d e r a t i o n and i s i n ­
v e s t i g a t e d more f u l l y i n the s e c t i o n d e a l i n g w i t h c o s t s which a p p e a r s 
l a t e r i n t h i s c h a p t e r . 
p_zE < R) = 1 - a , one 
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s t a t e d l i m i t s of e r r o r , R, a t t h e chosen l e v e l of c o n f i d e n c e 1 - cc„ 
Graphs of t h i s f u n c t i o n f o r t h r e e common l e v e l s of c o n f i d e n c e , t h e t o t a l 
r a n g e of P , and s e l e c t e d v a l u e s of R, a p p e a r a s F i g u r e s 1 , 2 , and 
3 . When t h e e s t i m a t o r i s x r a t h e r t h a n p , t h e c a l c u l a t i o n s f o r n 
a r e s i m i l a r t o t h o s e a b o v e . 
Adequacy of t h e Sample V a r i a n c e 
An u n f o r t u n a t e a s p e c t of t h e above m e a s u r e s of p r e c i s i o n , o 
q^j V - , " and V , and t h e s u c c e e d i n g f o r m u l a f o r sample s i z e , i s t h a t 
t h e y i n v o l v e t h e p a r a m e t e r s X and P which a r e t h e v a l u e s b e i n g e s t i ­
m a t e d . I t t h u s becomes n e c e s s a r y t o e s t i m a t e t h e v a r i a n c e of t h e e s t i ­
m a t o r from t h e s a m p l e . The e s t i m a t e of t h e p o p u l a t i o n v a r i a n c e p r e s e n t e d 
e a r l i e r i s u sed f o r t h i s p u r p o s e ( s e e e q u a t i o n 1 7 ) , and t h e r e s u l t i n g 
2 2 u n b i a s e d e s t i m a t e s of S_ and S a r e 
x P 
s 2 ^ ( N ^ } ( s i ) ( 2 2 ) 
x N n 
and 
s 2 = (8=2) ( -H-) ( J S U . (23) 
p N N - l n - l 
2 
F o r i n f i n i t e p o p u l a t i o n s t h e s e r e d u c e t o s / n and p q / ( n - l ) , r e s p e c ­
t i v e l y . 
Because t h e sample v a r i a n c e i s a random v a r i a b l e , t h e v a l u e s of 
2 2 2 2 s_ and s a r e o n l y a p p r o x i m a t i o n s of S and S . Whi le t h e e f f e c t 
x P x p 
of t h e s e a p p r o x i m a t i o n s i s q u i t e s e r i o u s when e s t i m a t i n g means , i t i s n o t 
a s e r i o u s p r o b l e m when e s t i m a t i n g p r o p o r t i o n s ( 3 1 , V o l . I , p . 1 3 3 ) . Due 
See Hansen, H u r w i t z , and Madow ( 3 1 , V o l . I I , p p . 9 8 - 9 9 ; 
bO 
R ( p e r c e n t ) 
F i g u r e 1 . Curves f o r D e t e r m i n i n g t h e Sample S i z e , n , N e c e s s a r y f o r 90 
Per Cent C o n f i d e n c e t h a t p W i l l Be W i t h i n 100R Per Cent of 
P . (For Using Average E r r o r , E, R = 2 . 0 6 2 E / P . For a Given R 
and P , t = 0 .485RP. ) 
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1 1.5 2 3 4 5 6 7 8 9 1 0 15 20 30 40 50 60 708090 100 
1 1.5 2 3 4 5 6 7 8 9 1 0 15 20 25 30 40 50 60 708090 100 
R ( p e r c e n t 
F i g u r e 2 . Curves f o r D e t e r m i n i n g t h e Sample S i z e , n , N e c e s s a r y f o r 95 
Per Cent C o n f i d e n c e t h a t p W i l l Be W i t h i n 100R Per Cent of 
P . (For_Us ing Average E r r o r , E, R = 2 . 4 5 6 E / P . For a Given R 
and P , E 0 .407RP. ) 
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R ( p e r c e n t ) 
F i g u r e 3 . Curves f o r D e t e r m i n i n g t h e Sample S i z e , n , N e c e s s a r y f o r 99 
Per Cent C o n f i d e n c e t h a t p . . i l l Be Wi th in 100R Per Cent of 
P . (For Using Average E r r o r , E, R = 3 . 2 3 3 E / P . For a Given R 
and P , E ^ 0 .309RP. ) 
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t o t h e f a c t t h a t t h i s s t u d y i s c o n c e r n e d w i t h improved methods of work 
s a m p l i n g , and e s t i m a t e s a r e t y p i c a l l y p r o p o r t i o n s , o n l y t h e c a s e of p r o ­
p o r t i o n s w i l l be c o n s i d e r e d h e r e . 
The p r o b l e m e n c o u n t e r e d i s t h a t t h e sample e s t i m a t e of t h e v a r i ­
a n c e , b e i n g a random v a r i a b l e , w i l l v a r y from sample t o sample w i t h a 
c o e f f i c i e n t of v a r i a t i o n V . I t would be d e s i r a b l e t o e s t i m a t e S w i t h 
s 
a s s m a l l a c o e f f i c i e n t of v a r i a t i o n , V , a s i s p r a c t i c a l . As f o r most 
s 
e s t i m a t o r s , V can be made s m a l l e r by i n c r e a s i n g t h e sample s i z e . I f 
one can show t h a t t h e sample t a k e n i n a g i v e n work s a m p l i n g s t u d y i s 
l a r g e enough t h a t V o i s s u f f i c i e n t l y s m a l l as t o i n t r o d u c e o n l y a 
O 
n e g l i g i b l e e r r o r i n t o t h e a n a l y s i s , t h e n e s t i m a t i n g t h e v a r i a n c e from 
t h e sample would be p e r m i s s i b l e . 
I t h a s been shown t h a t t h e c o e f f i c i e n t of v a r i a t i o n f o r t h e 
s t a n d a r d d e v i a t i o n of p i s * 
A p l o t of V f o r v a r i o u s v a l u e s of P and n w i l l show t h e sample 
S P 
s i z e needed f o r making V a d e s i r e d m a g n i t u d e f o r a l l p o s s i b l e v a l -
s 
p 
u e s of P . The p l o t i s shown i n F i g u r e U° 
From t h i s f i g u r e one can s e e t h a t f o r a s p e c i f i e d v a l u e of V , 
p 
t h e n e c e s s a r y sample s i z e becomes l a r g e r a s t h e v a l u e of P d e v i a t e s 
f a r t h e r and f a r t h e r from 0.5» S u r v e y s a m p l i n g p r a c t i t i o n e r s have found 
t h a t v a l u e s of V < 0 . 1 i n t r o d u c e o n l y s m a l l e r r o r s i n c o n f i d e n c e 
i n t e r v a l e s t i m a t e s of t h e p a r a m e t e r s when s i s u s e d a s an e s t i m a t e of 
P 
- - -
See Hansen, H u r w i t z , and Madow ( 3 1 , V o l 0 I I , p . 1 0 5 ) . 
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V r ( p e r c e n t ) 
F i g u r e 4 . V a r i a t i o n of t h e Sample V a r i a n c e of p 
f o r S e l e c t e d V a l u e s of n 
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0 ( 3 1 , Volo I I , p p . 1 0 5 - 1 0 6 ) . I f t h i s v a l u e i s a d o p t e d a s b e i n g s a t i s -
P 
f a c t o r y f o r work s a m p l i n g p u r p o s e s , one may r e a d i l y d e t e r m i n e w h e t h e r 
o r n o t t h e v a l u e of n c a l c u l a t e d i n t h e d e s i g n of t h e sample i s s u f ­
f i c i e n t t o i n s u r e t h a t V i s of an a c c e p t a b l e m a g n i t u d e . F i g u r e 4. 
s 
p 
r e v e a l s t h a t i f 0 . 1 < P < 0 . 9 and n > » 1 8 0 , t h e n V s w i l l be no 
P 
g r e a t e r t h a n 0 . 1 . S i n c e t h e v a l u e s of P and n i n work s a m p l i n g 
s t u d i e s a r e g e n e r a l l y w e l l w i t h i n t h e s e l i m i t s , i t becomes c l e a r t h a t 
V w i l l , i n most c a s e s , be c o n s i d e r a b l y l e s s t h a n 0 . 1 , and s w i l l be 
S P p 
a r e l i a b l e e s t i m a t e of a . 
P 
The e s t i m a t o r p i s a p p r o x i m a t e l y b i n o m i a l l y d i s t r i b u t e d when t h e 
sample s i z e , n , i s s m a l l r e l a t i v e t o t h e u n i v e r s e s i z e , N. A l s o , a s 
a l r e a d y s t a t e d , when N and n a r e b o t h v e r y l a r g e , and n i s s m a l l 
r e l a t i v e t o N, t h e d i s t r i b u t i o n of p a p p r o a c h e s a n o r m a l d i s t r i b u t i o n . 
S i n c e t h e s e c o n d i t i o n s h o l d In work s a m p l i n g s i t u a t i o n s ( t h e p o p u l a t i o n s 
o f i n s t a n t s a r e assumed t o be i n f i n i t e l y l a r g e ) , t h e no rma l a p p r o x i m a t i o n 
of p w i t h mean p and v a r i a n c e p q / ( n - l ) i s a r e l i a b l e d e s c r i p t i o n of 
t h e d i s t r i b u t i o n of t h e e s t i m a t o r p . The d e n o m i n a t o r i n t h e v a r i a n c e 
e x p r e s s i o n , n - l , i s f r e q u e n t l y r e p l a c e d by n f o r s i m p l i c i t y . I f 
more a c c u r a t e r e s u l t s were d e s i r e d , one c o u l d r e v e r t t o a t a b l e of h y p e r -
g e o m e t r i c o r b i n o m i a l d i s t r i b u t i o n s , b u t w i t h c o n s i d e r a b l y more work . 
Such t a b l e s a r e a v a i l a b l e when t h e y a r e r e a l l y n e e d e d , i . e . , f o r r e l a -The v a l u e of V Q d e s i r e d f o r a g i v e n s i t u a t i o n i s of c o u r s e 
P 
a r b i t r a r y , however , t h e r e a l c o n c e r n i s t h a t t h e v a r i a n c e o f t h e e s t i ­
m a t o r be " r e a s o n a b l y " c o r r e c t . The r u l e of V_ < 0 . 1 i s a n a l o g o u s t o 
p 
t h e common r u l e of r e q u i r i n g n > 30 t o a l l o w t h e u s e o f t h e no rma l 
a p p r o x i m a t i o n t o t h e t d i s t r i b u t i o n i n s e t t i n g s t a t i s t i c a l c o n f i d e n c e 
l i m i t s . The m a g n i t u d e of t h e e r r o r i n such c o n f i d e n c e l i m i t s i s n e g l i ­
g i b l e when n i s l a r g e . The same i s t r u e of c o n f i d e n c e i n t e r v a l s i n 
work s a m p l i n g wh ich a r e s e t u s i n g a sample e s t i m a t e of t h e v a r i a n c e from 
a l a r g e s a m p l e . 
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t i v e l y s m a l l v a l u e s of n and N. 
S i m p l e Random Work Sampl ing 
The f o r e g o i n g d i s c u s s i o n of s i m p l e random s a m p l i n g l e a d s t o t h e 
t h e o r y which i s u s u a l l y assumed i n most work s a m p l i n g s t u d i e s . The 
o b j e c t i v e of work s a m p l i n g s t u d i e s , a s p o i n t e d o u t e a r l i e r , i s t o e s t i ­
mate t h e p r o p o r t i o n o f t ime which i s s p e n t p e r f o r m i n g w e l l d e f i n e d e l e ­
men t s of t h e a c t i v i t y , e . g . , i d l e t i m e , s e t - u p t i m e , w o r k i n g t i m e , e t c . 
The c u r r e n t p r o c e d u r e f o r c o n d u c t i n g such s t u d i e s i s o u t l i n e d b r i e f l y 
i n C h a p t e r I ( p a g e s 3 -5 ) where t h e t o t a l p e r i o d of t h e s t u d y i s c o n s i d e r e d 
a s a u n i v e r s e of U m i n u t e s , and o b s e r v a t i o n s of t h e s t a t e o f t h e a c t i v ­
i t y a r e made a t r andomly s e l e c t e d i n s t a n t s . I f t h e r e a r e t h r e e s t a t e s of 
a c t i v i t y u n d e r s t u d y , a s i n Appendix A, t h e n one l e t s x . = 1 i f t h e 
a c t i v i t y i s i n s t a t e one when t h e j t h o b s e r v a t i o n i s made, y . = 1 i f i n 
s t a t e two , and z . = 1 i f i n s t a t e t h r e e . O t h e r w i s e , x . , y . , and z , 
J J J j 
a r e z e r o . To d e t e r m i n e t h e number of o b s e r v a t i o n s n e c e s s a r y f o r a s t a t e d 
p r e c i s i o n , e s t i m a t e s of P-., P , and P ( p r o p o r t i o n s of t ime i n each 
-1 2 3 
s t a t e ) a r e made and e q u a t i o n (21) i s s o l v e d f o r n , where P and Q a r e 
r e p l a c e d by t h e e s t i m a t e d v a l u e s . These e s t i m a t e s may be d e t e r m i n e d from 
p r i o r e x p e r i e n c e w i t h s i m i l a r a c t i v i t i e s o r from p i l o t s t u d i e s . The u s e 
of d a t a o b t a i n e d i n p r e v i o u s s t u d i e s o f t e n p r o v i d e s a d e q u a t e advance 
e s t i m a t e s of t h e p a r a m e t e r s and hence e l i m i n a t e s t h e need f o r a p r e l i m i ­
n a r y s a m p l e . Th i s s o u r c e of d a t a o b v i o u s l y becomes more v a l u a b l e w i t h 
t h e age of a work s a m p l i n g p r o g r a m . 
The v a l u e s of n c a l c u l a t e d f o r e a c h e l e m e n t w i l l o f c o u r s e be 
d i f f e r e n t and a d e c i s i o n must be made as t o t h e s i n g l e v a l u e which w i l l 
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be "used. I f t h e l a r g e s t v a l u e of n i s c h o s e n , t h e n each e s t i m a t e from 
t h e sample w i l l be w i t h i n t h e s t a t e d l i m i t s o f a c c u r a c y . T h i s p r a c t i c e 
w i l l r e s u l t i n l e v e l s of a c c u r a c y which a r e g r e a t e r t h a n t h a t s p e c i f i e d 
f o r a l l t h e e s t i m a t o r s o t h e r t h a n t h e one f o r which n was c h o s e n . The 
a c c u r a c y f o r t h i s e s t i m a t o r w i l l be t h a t which was s p e c i f i e d . Accuracy 
I s u s u a l l y s p e c i f i e d f o r t h e most i m p o r t a n t e l e m e n t a l e s t i m a t e s and t h e 
a c c u r a c i e s f o r t h e o t h e r s a l l o w e d to f a l l where t h e y may. The d e c i s i o n 
h e r e depends upon t h e p e r s o n a l d e s i r e s o f t h o s e who w i l l u s e t h e d a t a . 
A check of F i g u r e U u s i n g t h e v a l u e s of P and n a r r i v e d a t i n t h i s 
d e c i s i o n w i l l i n d i c a t e t h e s u f f i c i e n c y of t h e sample s i z e f o r e s t i m a t i n g 
t h e v a r i a n c e s of t h e e s t i m a t o r s . I f n i s t oo s m a l l t o g i v e ' an e s t i ­
mate of t h e s t a n d a r d d e v i a t i o n w i t h V s < 0 . 1 , e i t h e r t h e sample s i z e 
P 
mus t be i n c r e a s e d t o t h e minimum v a l u e f o r t h i s t o h o l d , o r e l s e t h e 
c o n f i d e n c e i n t e r v a l e s t i m a t e s made u s i n g t h e e s t i m a t e of v a r i a n c e must 
be r e g a r d e d as b e i n g rough a p p r o x i m a t i o n s t o t h e c o r r e c t c o n f i d e n c e i n ­
t e r v a l s , which c o u l d be c o n s t r u c t e d w i t h c o n s i d e r a b l y more c o m p u t a t i o n . 
C o n f i d e n c e I n t e r v a l E s t i m a t e s 
In t e rms of t h e p r e v i o u s n o t a t i o n , t h e e s t i m a t e s of P , P ^ , 
and P^ i n Appendix A, d e n o t e d b y p-^, p £ , and p ^ r e s p e c t i v e l y , and 





Us ing t h e a s s u m p t i o n t h a t t h e e s t i m a t o r s a r e n o r m a l l y d i s t r i b u t e d , c o n ­
f i d e n c e s t a t e m e n t s may be made a b o u t t h e v a l u e s of t h e t r u e P . ' s by 
s t a t i n g t h a t 
P ( - k s < P ± - P i < ks ) = / - ^ e 2 d r . (26) 
P i P i J - k fib 
The c o n f i d e n c e i n t e r v a l e s t i m a t e i s v a l i d when u s e d t o e s t i m a t e 
t h e i n d i v i d u a l p r o p o r t i o n s one a t a t i m e . However, due t o t h e f a c t 
t h a t t h e sample e s t i m a t e s a r e n o t i n d e p e n d e n t , a j o i n t c o n f i d e n c e s t a t e ­
ment i s n o t e q u a l t o t h e p r o d u c t of t h e p r o b a b i l i t i e s a s s o c i a t e d w i t h t h e 
s i n g l e s t a t e m e n t s , i . e . , 
P ( P 1 " V 2 \ - P l " P l + V 2 V P 2 " V 2 S P 2 1 P 2 * P 2 + V 2 S P 2 ; ' ° 
p -K*. s < P . < p . + k . s ) ^ ( l - a ) 1 . 
' i a/2 P± ~ 1 - * i a / 2 P ± 
In a d d i t i o n , t h e l a c k of i n d e p e n d e n c e be tween t h e sample mean, p . , and 
t he sample v a r i a n c e , s 2 , f u r t h e r p r o h i b i t s t h e e v a l u a t i o n of t h e j o i n t 
s t a t e m e n t w i t h s i m p l e p r o b a b i l i t i e s . 
x . / n 
y . / n 
(25) 
P 2 q 2 / n 
n 
P 3 q 3 / n 
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The r e s u l t s of 200 s i m u l a t e d r e a l i z a t i o n s of a t h r e e e l e m e n t s t u d y 
a r e shown i n Tab le 1 . The r e s u l t s which would have been e x p e c t e d had a l l 
e l e m e n t s been i n d e p e n d e n t a r e shown i n p a r e n t h e s e s f o r c o m p a r i s o n . The 
d e v i a t i o n from t h e i n d e p e n d e n t c a s e i s a b o u t a s e x p e c t e d . Fo r example , 
t h e t e n d e n c y was f o r f ewer c a s e s of one i n t e r v a l b e i n g i n e r r o r and more 
c a s e s o f two i n t e r v a l s b e i n g i n e r r o r , t h e l a t t e r b e i n g due t o t h e d e p e n d e n t 
r e l a t i o n s h i p be tween t h e e s t i m a t o r s ; i . e . , i f one i n t e r v a l t e n d e d t o be 
i n e r r o r , t h i s t e n d e d t o cause one of t h e o t h e r i n t e r v a l s t o a l s o be i n 
e r r o r . The s i m u l a t i o n i s e x p l a i n e d more f u l l y i n t h e f o l l o w i n g s e c t i o n . 
T a b l e 1 . S i m u l a t e d R e s u l t s f o r C o n f i d e n c e S t a t e m e n t s 
when E l e m e n t s a r e D e p e n d e n t . ( A l l v a l u e s 
a r e i n p e r c e n t . ) 
Number of i n d i v i d u a l Conf idence L e v e l 
i n t e r v a l s f a i l i n g t o 
i n c l u d e t h e mean 0 . 9 0 0 . 9 5 0 .99 
0 ( 7 2 . 9 0 ) 
7 9 . 5 0 
( 8 5 . 7 4 ) 
8 8 . 0 0 
( 9 7 . 0 3 ) 
9 8 . 0 0 
1 
( 2 4 . 3 0 ) 
1 0 . 5 0 
( 1 3 . 5 4 ) 
7 . 5 0 
( 2 . 9 4 ) 
1.50 
2 ( 2 . 7 0 ) 1 0 . 0 0 
( 0 . 7 1 ) 
4 . 5 0 
( 0 . 0 3 ) 
0 . 5 0 
3 
( 0 . 1 0 ) 
0 . 0 0 
( 0 . 0 1 ) 
0 . 0 0 
( 0 . 0 0 ) 
0 . 0 0 
O v e r a l l ( 9 0 . 0 0 ) 
8 9 . 8 0 
( 9 5 . 0 0 ) 
9 4 . 5 0 
( 9 9 . 0 0 ) 
9 9 . 2 0 
An I l l u s t r a t i o n of S i m p l e Random Work Sampl ing 
As a means- of i l l u s t r a t i n g t h e a p p r o a c h t o s i m p l e random work 
s a m p l i n g as w e l l a s f o r p r o v i d i n g a b a s i s f o r compar ing t h e s i m p l e 
d e s i g n s p r e s e n t e d i n s u c c e e d i n g c h a p t e r s , a s i m p l e random s a m p l i n g p l a n 
w i l l be d e s i g n e d f o r t h e a c t i v i t y i l l u s t r a t e d i n Appendix A. The o b j e c ­
t i v e of such a s a m p l i n g p l a n i s t o p r o v i d e d a t a f o r e s t i m a t i n g t h e 
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p r o p o r t i o n of t o t a l t i m e s p e n t i n each of t h e t h r e e s t a t e s of t h e a c t i v ­
i t y . We s h a l l work w i t h known v a l u e s of P^ t h r o u g h o u t t h i s s t u d y 
s i n c e t h e o b j e c t i v e of t h e s t u d y i s t o show t h e e f f i c i e n c i e s of o t h e r 
methods of s a m p l i n g a s compared w i t h s i m p l e random s a m p l i n g . The v a l u e s 
of t h e P . ' s and t h e sample s i z e s n e c e s s a r y f o r an a c c u r a c y of R = 0 . 1 0 
w i t h c o n f i d e n c e of 0 . 9 5 a r e as f o l l o w s : 
? 1 = 0 . 1 6 5 0 n ~ 1944* (27) 
P 2 - 0 . 2 5 7 0 n 2 - 1 1 1 1 * 
P 3 = 0 . 5 7 8 0 n 3 - 280* . 
A check of t h e s e v a l u e s of n and P i n F i g u r e 4 shows each of them 
2 2 
t o be w e l l w i t h i n t h e l i m i t s f o r e s t i m a t i n g a by s from t h e s a m p l e . 
P P 
The v a l u e s of P i n F i g u r e 4 r e p r e s e n t a c t u a l v a l u e s of t h e p o p u l a t i o n 
p a r a m e t e r s b e i n g e s t i m a t e d . These of c o u r s e must be a p p r o x i m a t e d f o r 
making t h e sample s i z e c a l c u l a t i o n s i n e q u a t i o n ( 2 l ) and i f F i g u r e 4 i s 
u s e d a t t h i s s t a g e , t h e a p p r o x i m a t i o n s a r e assumed t o be a c t u a l . However, 
i f t h e o b s e r v e d v a l u e of p i s g r e a t e r t h a n 0 . 1 + 3 ° ^ a n d 
l e s s t h a n 0 . 9 - 3 J^-1^ > one can s a y t h a t 0 . 1 < P < 0 . 9 w i t h 
a l m o s t c e r t a i n t y . Hence , one may t a k e t h e sample of n o b s e r v a t i o n s and 
i f t h e e s t i m a t e , p , i s be tween t h e s e l i m i t s , be q u i t e c o n f i d e n t t h a t 
v s < 0 . 1 . 
P 
A compromise among t h e v a l u e s of n c a l c u l a t e d above must be 
r e a c h e d b e f o r e p r o c e e d i n g w i t h t h e s t u d y . We s h a l l u s e t h e maximum n 
and m e r e l y s t a t e t h e h i g h e r l e v e l of p r e c i s i o n of t h e o t h e r two e s t i m a t o r s 
^ C a l c u l a t e d by e q u a t i o n (21) o r r e a d from F i g u r e 2 . 
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I n s t e a d of R = 0 . 1 f o r e l e m e n t s two and t h r e e , t h e s e w i l l be R^ = 0 . 0 7 6 
and R^ = 0 . 0 3 8 . These v a l u e s a r e o b t a i n e d by s e t t i n g n = 1944 i n e q u a ­
t i o n (21 ) and s o l v i n g f o r R. 
The s e l e c t i o n and a n a l y s i s of t h i s sample (n = 1944) by s i m p l e 
random methods i s a c c o m p l i s h e d by t h e f o l l o w i n g p r o c e d u r e ( R e f e r e n c e 
Appendix A ) : 
1 . Each man-minute i s s p e c i f i e d a s b e l o n g i n g t o o n l y one day (10 
p o s s i b l e ) , one h o u r w i t h i n a day ( 8 p o s s i b l e ) , and one man (4 p o s s i b l e ) . 
2 . A t a b l e of random numbers i s u s e d t o choose a s p e c i f i c man-
m i n u t e by l e t t i n g t h e f i r s t d i g i t o b s e r v e d r e p r e s e n t t h e day chosen 
( l , 2 , . . . . . . , 9 , 0 ) , t h e second d i g i t o b s e r v e d r e p r e s e n t t h e h o u r w i t h i n 
t h e day which i s chosen ( l , 2 , . . „ . . . . , 8 , i g n o r e 9 and 0 ) , and t h e t h i r d 
d i g i t r e p r e s e n t t h e man t o be o b s e r v e d ( 1 , 2 , 3 , 4 , i g n o r e a l l o t h e r s ) . F o r 
e x a m p l e , t h e c h o i c e of 87341 from t h e random number t a b l e i n d i c a t e s t h a t 
on day e i g h t , a t h o u r s e v e n , o b s e r v e man t h r e e a t some random i n s t a n t 
w i t h i n minu t e 4 1 . O t h e r schemes , e q u a l l y e f f e c t i v e , c o u l d be d e v i s e d 
f o r s e l e c t i n g t h e random m i n u t e s . 
3 . P r o c e e d t o choose man-minu tes i n t h i s manner u n t i l t h e 
t o t a l number of o b s e r v a t i o n s h a s been s p e c i f i e d . T h i s s t e p o f t h e s t u d y 
may w e l l b e r e l e g a t e d t o a compu te r . In c a s e some of t h e chosen m i n u t e s 
o c c u r i n t h e sample more t h a n o n c e , r a n d o m i z e t h e o b s e r v a t i o n s w i t h i n a 
g i v e n "minute by d e s i g n a t i n g a d d i t i o n a l random numbers t o i n d i c a t e t h e 
e x a c t " i n s t a n t " w i t h i n t h e i n t e r v a l a t wh ich each o b s e r v a t i o n w i l l be 
made. T h i s p r a c t i c e i s n e c e s s a r y i n o r d e r t o make t h e s i m p l e random 
t h e o r y a p p l i c a b l e . 
4 . Make t h e o b s e r v a t i o n s o v e r t h e t e n day p e r i o d a t t h e d e s i g n a t e d 
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t i m e s ( t h e o b s e r v a t i o n s w i l l be a t random I n s t a n t s w i t h i n e a c h chosen 
m i n u t e ) . 
5 . C a l c u l a t e t h e e s t i m a t e s of P ^ , P2 , and P ^ , and t h e v a r i ­
ance of each as i n d i c a t e d i n t h e p r e c e d i n g s e c t i o n . 
6 . S e t c o n f i d e n c e i n t e r v a l e s t i m a t e s f o r t h e P . ' s a s a l s o 
1 
d i s c u s s e d i n t h e p r e c e d i n g s e c t i o n . 
In o r d e r t o t e s t t h e a c c u r a c y of t h e s i m p l e random p r o c e d u r e i n 
work s a m p l i n g , two hundred random samples of s i z e 194-4 were drawn from 
t h e p o p u l a t i o n i n Appendix A and t h e v a l u e s of p ^ , p ^ , and p ^ were 
c a l c u l a t e d f o r each sample„ T h i s e x t e n s i v e s i m u l a t i o n was c a r r i e d o u t 
on a compu te r . The f r e q u e n c y d i s t r i b u t i o n s o b t a i n e d f o r e a c h of t h e 
e s t i m a t o r s a r e shown i n F i g u r e 5 . The a c t u a l v a l u e s of t h e p a r a m e t e r s 
and t h e i r v a r i a n c e s a r e l i s t e d by each d i s t r i b u t i o n . C h i - s q u a r e g o o d n e s s -
o f - f i t t e s t s s u p p o r t t h e a s s u m p t i o n of n o r m a l i t y f o r a l l of t h e e s t i ­
m a t o r s , and t h e sample v a l u e s i n d i c a t e t h a t t h e e s t i m a t e of v a r i a n c e i s 
v e r y a c c u r a t e . 
S a m p l i n g p l a n s o t h e r t h a n s i m p l e random s a m p l i n g w i l l be p r e ­
s e n t e d i n s u c c e e d i n g c h a p t e r s f o r t h e p u r p o s e of e s t i m a t i n g t h e P ^ 1 s 
w i t h g r e a t e r e f f i c i e n c y . I t I s d e s i r e d t h a t f o r a s t a t e d c o s t , t h e 
p r e c i s i o n of t h e e s t i m a t o r s be i n c r e a s e d , o r c o n v e r s e l y , f o r a s t a t e d 
p r e c i s i o n , t h e t o t a l c o s t s of t h e s t u d y be r e d u c e d . E l e m e n t s of c o s t s 
i n s i m p l e random work s a m p l i n g a r e c o n s i d e r e d i n t h e n e x t s e c t i o n . 
C o s t F a c t o r s i n S imple Random Work Sampl ing 
E i t h e r b e c a u s e t h e t o t a l r e s o u r c e s a v a i l a b l e f o r a g i v e n s t u d y 
a r e f i x e d , o r b e c a u s e i t i s d e s i r e d t o know t h e g e n e r a l m a g n i t u d e of t h e 
t o t a l c o s t s of a s t u d y , i t i s n e c e s s a r y t o c o n s i d e r t h e n a t u r e of t h e 
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c o s t s i n work s a m p l i n g . For t h e s i m p l e random s a m p l i n g a p p r o a c h s e t 
f o r t h i n t h i s c h a p t e r , and i n g e n e r a l f o r t h e p r o c e d u r e s wh ich f o l l o w , 
t h e f o l l o w i n g c a t e g o r i e s of c o s t s a r e p e r t i n e n t . 
1 . F i x e d c o s t s — t h e c o s t s a s s o c i a t e d w i t h p r o v i d i n g c e n t r a l 
a d m i n i s t r a t i v e and t e c h n i c a l work on t h e s t u d y , i n c l u d i n g t h e c o s t s of 
s p a c e and e q u i p m e n t . The c o s t s may be e x p e c t e d t o r ema in a b o u t t h e same 
even though t h e r e a r e marked v a r i a t i o n s i n t h e s a m p l i n g d e s i g n ; h e n c e , 
i t s h a l l be assumed t h a t t h e y a r e i n d e p e n d e n t of sample s i z e . 
2 . V a r i a b l e c o s t s — t h o s e c o s t s which e v o l v e from a s s e m b l i n g 
a sample of i t e m s from a s p e c i f i e d u n i v e r s e . These c o s t s a r e a f u n c t i o n 
of t h e sample s i z e . 
3o L o s s e s due t o e r r o r — t h o s e c o s t s which o c c u r a s a r e s u l t 
of t h e e s t i m a t e of a p o p u l a t i o n p a r a m e t e r b e i n g i n e r r o r . 
D e s i g n i n g a S imple Random Sample t o Min imize C o s t s o r t o Achieve a S t a t e d 
T o t a l C o s t 
A l l c o s t s of a work s a m p l i n g s t u d y a r e c o n s i d e r e d t o f a l l i n t o 
one o f t h e above t h r e e c a t e g o r i e s , hence t h e t o t a l c o s t of such a s t u d y 
may be e x p r e s s e d a s 
C = C n + nC + C (28) 1 s e x ' 
where C-̂  i s t h e r e l e v a n t f i x e d c o s t s of t h e s t u d y , assumed t o be 
i n d e p e n d e n t of n , nC i s t h e c o s t o f s a m p l i n g ( e a c h i t e m i n t h e sam-
s 
p i e i s c o n s i d e r e d t o c o n t r i b u t e t h e same amount t o s amp l ing c o s t s ) , 
and C i s t h e l o s s due t o an e r r o r (e = p . - P . ) i n t h e e s t i m a t e . 
E l i m i n a t i n g t h e c o n s t a n t c o s t s C^, t h e t o t a l c o s t f o r p u r ­
p o s e s of d e s i g n i n g t h e sample i s 
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C" - nC + C . (29) s e 
The c o s t C of a s i n g l e o b s e r v a t i o n i n t h e sample can u s u a l l y be d e t e r -s 
mined f o r a g i v e n s t u d y 0 Th i s c o s t i s a r r i v e d a t by c o n s i d e r i n g m a i n l y 
t h e c o s t of t h e o b s e r v e r ' s t i m e , however I t s hou ld i n c l u d e any o t h e r 
f a c t o r s which c o n t r i b u t e t o t h e c o s t of e ach o b s e r v a t i o n , p a r t i c u l a r l y 
i f t h e o b s e r v a t i o n d i s r u p t s t h e p r o c e s s I n any wayD The c o s t C e i s a 
f u n c t i o n of t h e e r r o r i n a g i v e n e s t i m a t e , s a y 1 ( e ) „ The p r o b a b i l i t y 
d i s t r i b u t i o n of t h e e r r o r of e s t i m a t e i s a f u n c t i o n of n , t h e sample 
s i z e , and can be d e n o t e d by g ( e ; n ) ; I t i s u s u a l l y assumed to be t h e 
n o r m a l d i s t r i b u t i o n The e x p e c t e d l o s s f o r a g i v e n sample s i z e I s 
s i m p l y 
E [ 1 ( e ) ] = f g ( e ; n ) 1 ( e ) de GQ . (30) 
e 
S i n c e t h e e r r o r , e , i s t h e d i f f e r e n c e p - P , f o r u n b i a s e d e s t i m a -
I i 
t o r s i t h a s e x p e c t e d v a l u e of zero„ The v a r i a n c e of e i s PQ/n s i n c e 
p,. h a s t h a t v a r i a n c e . T h e r e f o r e g ( e ; n ) can be s p e c i f I e d 0 The f u n c ­
t i o n l ( e ) i s n o t o n l y d i f f i c u l t t o s p e c i f y i n a g i v e n s i t u a t i o n , b u t 
i t w i l l a l s o d i f f e r from s t u d y t o s t u d y 0 I t i s l o g i c a l however , t h a t 
t h e l o s s i s an i n c r e a s i n g f u n c t i o n of e r r o r . In work s a m p l i n g , a s m a l l 
e r r o r i s l i k e l y t o be i n s i g n i f i c a n t , b u t a l a r g e e r r o r i s l i k e l y t o be 
h i g h l y s i g n i f i c a n t , e s p e c i a l l y i n t h e c a s e of l a b o r s t a n d a r d s . Hence, a 
l o s s f u n c t i o n which i n c r e a s e s more r a p i d l y as e becomes l a r g e r would 
o 
seem a p p r o p r i a t e . One f u n c t i o n which would d e s c r i b e such l o s s e s i s ce , 
where c i s a c o n s t a n t . With t h i s l o s s f u n c t i o n , t h e c o s t w i l l v a r y from 
"The d e n o m i n a t o r I s a c t u a l l y n - l , b u t i s I n c r e a s e d t o n t o 
f a c i l i t a t e c o m p u t a t i o n . 
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z e r o when e i s z e r o t o c when t h e e r r o r i s o n e , i t s t h e o r e t i c a l m a x i ­
mum,, The a c t u a l e r r o r e x p e r i e n c e d would be e x p e c t e d t o be n e a r t h e l ower 
l i m i t i n r e a l i s t i c c a s e s . The p r o b l e m of d e t e r m i n i n g t h e c o n s t a n t , c , 
i n a g i v e n case c o u l d be h a n d l e d by c o n s u l t a t i o n w i t h t h e d e c i s i o n 
maker who w i l l u s e t h e work sampl ing d a t a and by s u b s e q u e n t l y l i s t i n g 
v a l u e s of e r r o r , e , and e s t i m a t e s of t h e c o s t s wh ich t h e s e e r r o r s would 
i n t r o d u c e . The l o s s f u n c t i o n c o u l d t h e n be f i t t e d t o t h e s e d a t a i n a l l 
p 
c a s e s , r e g a r d l e s s of w h e t h e r t h e form i s ce o r some o t h e r f u n c t i o n . 
An a l t e r n a t i v e way of s p e c i f y i n g t h e f u n c t i o n a p p l i c a b l e would be t o 
p r e s e n t a s e r i e s o f c u r v e s w i t h d i f f e r e n t p a r a m e t e r s and l e t t h e d e c i ­
s i o n maker choose t h e a p p r o p r i a t e o n e . 
In o r d e r t o f a c i l i t a t e t h e p r e s e n t a t i o n of c o s t c o n s i d e r a t i o n s 
2 
i n work s a m p l i n g , t h e f u n c t i o n ce w i l l be u s e d as t h e " l o s s due t o 
e r r o r " c o s t f u n c t i o n t h r o u g h o u t t h i s s t u d y i n a g e n e r a l way. I f some 
o t h e r f u n c t i o n were more a p p r o p r i a t e , i t c o u l d be i n s e r t e d i n p l a c e of 
t h e one assumed, and a l t h o u g h t h e a n a l y s i s may be more complex , t h e c o n ­
c e p t u a l a p p r o a c h would n o t c h a n g e . 
/ \ 2 
Wi th t h e l o s s f u n c t i o n 1 ( e ) ce , t h e e x p e c t e d l o s s becomes 
E [ 1 ( e ) ] = E ( c e 2 ) = c a 2 = cPQ/n . (31) 
The t o t a l c o s t s which a r e a f f e c t e d b y t h e s i z e of t h e sample i n t h i s 
c a s e would t h e n be 
C == n C + cPQ/n . (32) 
To d e t e r m i n e t h e optimum s imp le random sample f o r minimum t o t a l c o s t s 
one can t a k e t h e p a r t i a l d e r i v a t i v e o f C w i t h r e s p e c t t o n and e q u a t e 
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i t t o z e r o , from which n can be c a l c u l a t e d . Hence , when 
| f i = c _ = o , (33) 
dn s 2 ' 
n 
° s 
I n t h i s c a s e , t h e o p t i m a l sample s i z e t u r n s o u t t o be p r o p o r t i o n a l t o 
t h e s q u a r e r o o t of t h e c o s t r a t i o c/C and d i r e c t l y p r o p o r t i o n a l t o 
s 
t h e s t a n d a r d d e v i a t i o n o f a s i n g l e o b s e r v a t i o n . 
In d e s i g n i n g a sample t o meet a s t a t e d c o s t , w i t h o u t c o n s i d e r ­
i n g t h e p r e c i s i o n of t h e e s t i m a t o r , t h e above e x p r e s s i o n f o r t o t a l 
c o s t s 
C = + nC + cPQ/n (34-) 
i s s o l v e d f o r n t o g i v e 
(G - C ) ± J(0 - C ) 2 . r C ^ p Q 
2C 
s 
T h i s v a l u e of n may t h e n be used i n e q u a t i o n (21) t o d e t e r m i n e t h e 
p r e c i s i o n which w i l l be a t t a i n e d f o r t h i s f i x e d c o s t , C. T h i s c a l ­
c u l a t i o n c o u l d l e a d t o an abandonment of t h e i d e a of making t h e work 
s a m p l i n g s t u d y i f t h e r e s u l t i n g p r e c i s i o n i s n o t a c c e p t a b l e , and i f 
t h e a l l o c a t e d r e s o u r c e s c a n n o t be i n c r e a s e d . L i k e w i s e , t h e v a l u e o f 
n c a l c u l a t e d u s i n g e q u a t i o n (21) f o r a s t a t e d l e v e l of p r e c i s i o n may be 
u s e d i n e q u a t i o n (34-) t o d e t e r m i n e t h e c o s t of t h e s t a t e d p r e c i s i o n . 
O b v i o u s l y , one c a n n o t a t t a i n an a r b i t r a r i l y chosen l e v e l o f p r e c i s i o n and 
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e n j o y minimum c o s t s s i m u l t a n e o u s l y , , A compromise must be worked o u t 
a s i n d i c a t e d i n t h e f o l l o w i n g s e c t i o n . 
S e l e c t i o n of Sample S i z e C o n s i d e r i n g b o t h P r e c i s i o n and C o s t 
I f t h e c o s t s a s s o c i a t e d w i t h e s t i m a t i n g each e l e m e n t a r e t h e 
same i n t h e i l l u s t r a t i o n p r e s e n t e d e a r l i e r (Appendix A) , and C / C g i s 
7 
2 x 10 , s a y , t h e n t h e sample s i z e s which would a f f o r d minimum c o s t 
f o r e s t i m a t i n g each p a r a m e t e r a r e ( u s i n g e q u a t i o n 3 3 ) : 
n 1 = 1660 
n 2 = 1953 
n^ - 2210 „ 
The sample s i z e s wh ich p r o v i d e d e s t i m a t e s w i t h i n ± 10 p e r c e n t of t h e 
t r u e v a l u e s w i t h 95 p e r c e n t c o n f i d e n c e were 
n 1 = 1944 
n = 1111 
2 
n^ = 280 • 
S i m u l t a n e o u s s t u d y of t h e s e sample s i z e s f o r a g i v e n s t u d y p e r m i t s t h e 
e v a l u a t i o n of b o t h c o s t and p r e c i s i o n . The most i m p o r t a n t e l e m e n t ( s ) 
mus t be chosen f o r t h e p u r p o s e of d e t e r m i n i n g t h e f i n a l sample s i z e t o 
be used* A f t e r an e l e m e n t i s c h o s e n , a c h o i c e must be made be tween r e a l ­
i z i n g minimum c o s t s , o b t a i n i n g a d e s i r e d p r e c i s i o n , o r some compromise 
be tween t h e s e two f a c t o r s . Fo r example , i f t h e f i r s t e l e m e n t above i s 
chosen a s b e i n g t h e most i m p o r t a n t , a sample of 1944 w i l l y i e l d an e s t i ­
mate which i s 95 p e r c e n t c e r t a i n of b e i n g w i t h i n 10 p e r c e n t of P-̂ „ 
However a sample of 1660 w i l l y i e l d an e s t i m a t e which w i l l b e optimum 
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from t h e c o s t s t a n d p o i n t . E i t h e r one of t h e s e v a l u e s of n o r some i n t e r ­
m e d i a t e v a l u e s h o u l d be c h o s e n , d e p e n d i n g upon t h e d e s i r e s of t h e d e c i ­
s i o n maker . 
I t s h o u l d be n o t e d t h a t t h e d i r e c t measurement of l o s s e s may n o t 
be f e a s i b l e i n many c a s e s * however t h e c u r r e n t p r a c t i c e of work s a m p l i n g 
i n wh ich t h e d e c i s i o n maker s p e c i f i e s t h e e r r o r t o l e r a n c e and a l e v e l of 
c o n f i d e n c e f o r t h e e s t i m a t e s , r e s u l t s i n h i s p l a c i n g a l i m i t on 1 ( e ) 
w i t h i n which he w i s h e s t o o p e r a t e . The d e c i s i o n of wha t t h e p r e c i s i o n 
s h a l l be i n a given, s t u d y s h o u l d t h e r e f o r e be made w i t h p r u d e n c e i n o r d e r 
t o a v o i d t h e i n t r o d u c t i o n of i n t o l e r a b l e o r u n n e c e s s a r y r e s t r i c t i o n s on 
t h e sample d e s i g n . A r e a s o n a b l e a p p r o a c h t o t h i s d e c i s i o n when a l o s s 
f u n c t i o n I s n o t a v a i l a b l e i s t o c o n s i d e r j o i n t l y t h e e x p e c t e d c o s t s of 
a c h i e v i n g d i f f e r e n t l e v e l s of p r e c i s i o n , which can be m e a s u r e d , and t h e 
e x p e c t e d l o s s e s a t e ach l e v e l , a j udgmen t . The r e l a t i o n s h i p be tween t h e 
sample s i z e and l e v e l of p r e c i s i o n i s g i v e n f o r l e v e l s of c o n f i d e n c e of 
0 o 9 0 , Oo95, and 0 . 9 9 i n F i g u r e s 1 , 2 , and 3 of t h i s c h a p t e r . Whi le one 
c a n n o t make an o p t i m a l d e c i s i o n i n t h i s c a s e , he can o b s e r v e t h e e f f e c t s 
of g r e a t e r p r e c i s i o n on s amp l ing c o s t s and weigh t h i s i n c r e m e n t a l c o s t 
a g a i n s t h i s judgment of l o s s e s due t o e r r o r s i n t h e e s t i m a t e s . 
One o t h e r a l t e r n a t i v e i s t o f o r m u l a t e t h e p r o b l e m i n t e r m s of 
mean d e v i a t i o n s , which w i l l a v o i d f o r c i n g t h e d e c i s i o n maker t o r e l y on 
c h o o s i n g a l e v e l of p r e c i s i o n i n t e r m s of maximum d e v i a t i o n s and c o n f i ­
dence l e v e l s . In t h i s c a s e t h e d e c i s i o n maker i s a s k e d t o s u p p l y an 
e s t i m a t e of t h e a v e r a g e d e v i a t i o n of t h e e s t i m a t o r from t h e t r u e v a l u e 
which he t h i n k s s h o u l d be a c h i e v e d . C o n s e q u e n t l y , r a t h e r t h a n h a v i n g t o 
s p e c i f y a v a l u e of |p—P| which he d e s i r e s t h e e r r o r t o be w i t h i n a t a 
70 
c h o s e n l e v e l of c o n f i d e n c e , he i s a s k e d t o e s t i m a t e t h e a v e r a g e e r r o r , a 
somewhat s i m p l e r t a s k . When t h i s v a l u e i s made a v a i l a b l e , i t may be con­
v e r t e d t o i t s e q u i v a l e n t In t e rms of maximum v a r i a t i o n and c o n f i d e n c e 
l e v e l , which can t h e n be u s e d t o d e t e r m i n e t h e sample s i z e , u s i n g F i g ­
u r e s 1 , 2 , and 3« A j o i n t u s e of t h e s e two a p p r o a c h e s i s l i k e l y t o 
y i e l d a more m e a n i n g f u l s o l u t i o n t h a n e i t h e r of them u s e d s e p a r a t e l y . 
The mean d e v i a t i o n of a v a r i a b l e which f o l l o w s a n o r m a l d i s t r i ­
b u t i o n , a s i s assumed f o r p , i s 0 . 7 9 7 9 s t a n d a r d d e v i a t i o n s from t h e 
mean. The e x p r e s s i o n f o r c o n v e r t i n g t h i s t o a v a l u e of R i s g i v e n on 
each of t h e g r a p h s i n F i g u r e s 1 , 2 , and 3 , a s w e l l a s t h e e x p r e s s i o n f o r 
a v e r a g e e r r o r i n t e r m s of R and P . These e x p r e s s i o n s r e s u l t from 
o b s e r v i n g t h a t t h e a v e r a g e d e v i a t i o n , d e n o t e d by E, i s 
E = 0 . 7 9 7 9 a (35) 
P 
and from e q u a t i o n ( 2 1 ) , 
RP = K . o , 
a / 2 p 
from which 
K / E 
R = - S l i ( 3 6 ) 
0 .7979P 
L i m i t a t i o n s of S i m p l e Random Work Sampl ing 
I f i t were f e a s i b l e t o i g n o r e q u e s t i o n s of p r a c t i c a b i l i t y and 
c o s t s , s i m p l e random work s amp l ing and i t s r e l a t e d t h e o r y would p r o ­
v i d e a s o l u t i o n t o e v e r y work s a m p l i n g p r o b l e m . The d e s i r e t o keep t h e 
t h e o r y s i m p l e and e a s y t o u n d e r s t a n d h a s p romoted t h e e x t e n s i v e u s e of 
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s i m p l e random t h e o r y i n s i t u a t i o n s where t h e s i m p l e random p r o c e d u r e h a s 
b e e n d e v i a t e d from i n o r d e r to p r o v i d e g r e a t e r f l e x i b i l i t y . Fo r example , 
p q / n i s commonly c o n s i d e r e d t o be t h e v a r i a n c e of a p r o p o r t i o n , p , 
r e g a r d l e s s o f t h e s a m p l i n g scheme u s e d i n c o l l e c t i n g t h e d a t a . S imple 
random t h e o r y i s n o t a p p r o p r i a t e e x c e p t where s i m p l e random s a m p l i n g h a s 
b e e n u s e d i n c o l l e c t i n g t h e d a t a , however i f a known scheme of p r o b a b i l ­
i t y s a m p l i n g i s used,, t h e p r o p e r e s t i m a t i o n t h e o r y can be d e t e r m i n e d . 
The r e m a i n i n g c h a p t e r s of t h i s s t u d y a r e d e v o t e d t o an i n v e s t i g a ­
t i o n of a v a r i e t y o f s a m p l i n g schemes f o r u s e i n work s a m p l i n g s t u d i e s . 
However, when s i m p l e random s a m p l i n g , a s p r e s e n t e d i n t h i s c h a p t e r , i s 
d e s i g n a t e d a s t h e p r o p e r s a m p l i n g scheme i n a work s a m p l i n g s t u d y , t h e 
l i m i t a t i o n s a s h e r e i n s t a t e d must be o b s e r v e d . The p r o b l e m s of s p e c i ­
f y i n g t h e s a m p l i n g u n i t and e s t i m a t i n g p o p u l a t i o n p a r a m e t e r s f o r p u r p o s e s 
of d e s i g n may e a s i l y l e a d one t o c l a i m a p r e c i s i o n n o t a c t u a l l y o b t a i n e d . 
Wi th r e s p e c t t o c o s t s , i t has been shown t h a t a r b i t r a r y d e s i g n a t i o n of 
e s t i m a t o r p r e c i s i o n may l e a d t o work s a m p l i n g p l a n s which a r e f a r from 
o p t i m a l . C a r e f u l c o n s i d e r a t i o n s of c o s t s a s h e r e i n d i s c u s s e d w i l l a s s i s t 
i n o b v i a t i n g t h i s p r o b l e m . 
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CHAPTER IV 
STRATIFIED RANDOM WORK SAMPLING 
The Scope of t h i s C h a p t e r 
Wi th r e s p e c t t o t h e second major o b j e c t i v e l i s t e d i n C h a p t e r I , 
s u r v e y sampl ing p r a c t i c e h a s shown t h a t one of t h e s i m p l e s t ways of 
i n c r e a s i n g t h e e f f i c i e n c y of a s i m p l e random samp l ing p l a n i s t h r o u g h 
t h e u s e of s t r a t i f i c a t i o n . I n s t r a t i f i c a t i o n , s u p p l e m e n t a l i n f o r m a ­
t i o n i s u s e d to d i v i d e t h e u n i v e r s e u n d e r s t u d y i n t o g r o u p s o f s a m p l i n g 
u n i t s i n which t h e c h a r a c t e r i s t i c s of t h e u n i v e r s e u n d e r s t u d y a r e more 
homogeneous t h a n f o r t h e u n i v e r s e a s a w h o l e . The g r o u p s formed a r e 
c a l l e d s t r a t a , and when s i m p l e random sample s a r e drawn from each 
g r o u p , t h e p r o c e s s i s c a l l e d s t r a t i f i e d random s a m p l i n g . 
The t h e o r e t i c a l c o n s e q u e n c e s of s a m p l i n g i n t h e above d e s c r i b e d 
f a s h i o n i s an i n c r e a s e i n t h e p r e c i s i o n of t h e e s t i m a t o r s i f t h e sample 
s i z e i s m a i n t a i n e d ; o r more i m p o r t a n t , t h e same p r e c i s i o n i s g a i n e d w i t h 
a s m a l l e r sample t h a n i s r e q u i r e d i n s i m p l e random s a m p l i n g . There have 
b e e n numerous a p p l i c a t i o n s o f s t r a t i f i c a t i o n i n s u r v e y s a m p l i n g which d e a l 
w i t h t h e measurement of c o n t i n u o u s c h a r a c t e r i s t i c s ; o c c a s i o n a l l y , t h e p r o ­
c e d u r e has been u t i l i z e d i n t h e measurement of p r o p o r t i o n s , and hence i s 
a p p l i c a b l e i n work s a m p l i n g . T h i s c h a p t e r i s d e v o t e d t o t h e deve lopmen t 
of a s t r a t i f i e d random work s a m p l i n g model and w i l l c o n s i d e r t h e f o l l o w ­
i n g p r o b l e m s : 
( a ) S e l e c t i o n of s t r a t a , 
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(b) D e t e r m i n i n g sample s i z e s f o r each s t r a t u m , i n c l u d i n g c o s t 
c o n c e p t s a s w e l l a s v a r i a n c e c o n c e p t s , 
( c ) S e l e c t i o n of samples from each s t r a t u m , 
(d) P r e p a r a t i o n of e s t i m a t e s f o r t h e e n t i r e u n i v e r s e from t h e 
c o m p o s i t e s a m p l e , 
( e ) C a l c u l a t i o n of t h e e r r o r v a r i a n c e of t h e sample e s t i m a t o r s . 
F i n a l l y , a compar i son of s t r a t i f i e d random work s a m p l i n g w i t h s i m ­
p l e random work s a m p l i n g w i l l be made i n t e r m s of e s t i m a t o r v a r i a n c e s a s 
w e l l a s o v e r a l l c o s t s . An i l l u s t r a t i o n of s t r a t i f i e d random work s a m p l i n g 
w i l l a l s o be i n c l u d e d . 
The N a t u r e of S t r a t i f i c a t i o n i n Work Sampl ing 
I t has n o t been u n u s u a l f o r work s a m p l i n g p r a c t i t i o n e r s t o s e l e c t 
s t r a t i f i e d s a m p l e s . A common p r o c e d u r e h a s been t o d e t e r m i n e t h e number 
of o b s e r v a t i o n s needed f o r a s t a t e d l e v e l o f p r e c i s i o n ( u s i n g t h e v a r i ­
a n c e c o n c e p t s from s i m p l e random work s a m p l i n g ) and t h e n t o d i v i d e t h e 
t o t a l number of o b s e r v a t i o n s e v e n l y o v e r t h e days of t h e s t u d y . In t h i s 
c a s e t h e o b s e r v a t i o n s a r e s t r a t i f i e d w i t h r e s p e c t t o days a l t h o u g h s i m p l e 
random work s a m p l i n g f o r m u l a s a r e u s e d i n making c o n f i d e n c e s t a t e m e n t s 
a b o u t t h e p a r a m e t e r s b e i n g e s t i m a t e d . O b v i o u s l y , t h i s p r a c t i c e of 
s t r a t i f i c a t i o n h a s been f o r c o n v e n i e n c e i n d a t a c o l l e c t i o n r a t h e r t h a n 
f o r i n c r e a s i n g t h e p r e c i s i o n o f t h e e s t i m a t o r s , t h e t h e o r e t i c a l r e a s o n 
f o r s t r a t i f y i n g . Both t h e p r a c t i c a l and t h e t h e o r e t i c a l g a i n s a r e p o s ­
s i b l e i n s t r a t i f i e d random work s a m p l i n g i f t h e sample d e s i g n i s p r o p e r l y 
c o n s t r u c t e d and c a r r i e d o u t . I t t u r n s o u t t h a t i n most c a s e s , s t r a t i f i ­
c a t i o n on t h e b a s i s of days w i l l i n c r e a s e t h e p r e c i s i o n of t h e e s t i m a t o r s . 
The g a i n i n t h e p r e c i s i o n of e s t i m a t o r s w i t h s t r a t i f i e d random 
work s a m p l i n g i s d e t e r m i n e d by how w e l l one i s a b l e t o g roup t h e u n i v e r s e 
i n t o s t r a t a which a r e more homogeneous t h a n t h e u n i v e r s e a s a w h o l e . The 
g r o u p i n g of u n i t s i n t h i s manner s e r v e s t o d i v i d e t h e v a r i a n c e of t h e 
t o t a l u n i v e r s e i n t o two componen t s , t h e w i t h i n s t r a t a v a r i a n c e and t h e 
b e t w e e n s t r a t a v a r i a n c e , i . e . , 
o 2 ~ c 2 + CJ 2 (37) 
T o t a l ~ Between W i t h i n 
These v a r i a n c e components a r e shown more f u l l y i n e q u a t i o n s (69) t o 
( 7 1 ) . S u b s e q u e n t e s t i m a t e s which a r e f u n c t i o n s of s amples s e l e c t e d from 
t h e s e s t r a t a r e f l e c t o n l y t h e " w i t h i n " component of v a r i a n c e , s i n c e t h e 
s t r a t a a r e sampled 100 p e r c e n t , i . e . , o b s e r v a t i o n s a r e made i n a l l o f 
t h e s t r a t a . Thus t h e more u n a l i k e one makes t h e g r o u p s , t h e g r e a t e r 
o p 
at , becomes , t h e s m a l l e r a becomes , and t h e more p r e c i s e 
Between W i t h i n 
a r e t h e e s t i m a t o r s . F o r example , i f t h e u n i v e r s e c o u l d be s e p a r a t e d i n t o 
two s t r a t a i n which one s t r a t u m c o n s i s t e d o f a l l u n i t s p o s s e s s i n g a 
c h a r a c t e r i s t i c , and t h e o t h e r s t r a t u m c o n s i s t e d of a l l u n i t s n o t p o s ­
s e s s i n g t h e c h a r a c t e r i s t i c , t h e n an e s t i m a t e of p , t h e p r o p o r t i o n of 
t h e e n t i r e u n i v e r s e p o s s e s s i n g t h e c h a r a c t e r i s t i c , c o u l d be made which 
h a s z e r o v a r i a n c e by t a k i n g a s i n g l e o b s e r v a t i o n . 
I t i s i m p o r t a n t t h a t t h e c r e a t i o n of s t r a t a u t i l i z e s a l l of t h e 
a v a i l a b l e knowledge p e r t a i n i n g t o t h e s t r u c t u r e of t h e u n i v e r s e . As a 
r u l e , t h e i n d u s t r i a l e n g i n e e r i s w e l l a c q u a i n t e d w i t h t h e c h a r a c t e r i s t i c s 
of an a c t i v i t y b e f o r e he p r o c e e d s t o s t u d y i t w h e t h e r t h e t o o l s u s e d 
i n c l u d e work s a m p l i n g o r n o t . Using t h e knowledge which h e can make 
a v a i l a b l e , such a s known d i f f e r e n c e s i n t h e c h a r a c t e r i s t i c s o f t h e 
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a c t i v i t y o v e r t h e t i m e p e r i o d t h e s t u d y w i l l encompass , he can s u c c e s s ­
f u l l y s t r a t i f y t h e a c t i v i t y f o r t h e p u r p o s e s of s a m p l i n g . I t i s i m p o r t ­
a n t t o n o t e t h a t s t r a t i f i c a t i o n i s a j u d g m e n t a l p r o c e s s 1 b u t as* l o n g as 
p r o b a b i l i t y samples a r e t a k e n from t h e s t r a t a , t h i s does n o t p r e c l u d e 
t h e u s e of p r o b a b i l i t y s a m p l i n g t h e o r y . Due t o t h e n e c e s s i t y f o r e x e r ­
c i s i n g judgmen t , i t i s n o t e x p e c t e d t h a t "optimum" s t r a t i f i c a t i o n w i l l 
be g a i n e d i n t h i s manne r . However, i t w i l l be seen l a t e r t h a t t h e s t r a t i ­
f i c a t i o n p r o c e s s w i l l y i e l d more e f f i c i e n t s ampl ing methods even though 
s t r a t i f i c a t i o n i s f a r from optimum. In f a c t , i f t h e s t r a t a a r e formed 
by r a n d o m l y a s s i g n i n g t h e u n i t s i n t h e p o p u l a t i o n t o t h e s t r a t a , r e s u l t ­
i n g i n no s i g n i f i c a n t d i f f e r e n c e s among s t r a t a , and a p r o p o r t i o n a l s t r a ­
t i f i e d sample i s t a k e n from each s t r a t u m ( sample s i z e s p r o p o r t i o n a l t o 
s t r a t a s i z e s ) , e s t i m a t o r s b a s e d on s t r a t i f i e d random s a m p l i n g w i l l have 
e s s e n t i a l l y t h e same v a r i a n c e a s t h o s e b a s e d on s i m p l e random s a m p l i n g . 
In d e t e r m i n i n g w h e t h e r o r n o t s t r a t i f i e d random work s a m p l i n g 
s h o u l d be u s e d , a s opposed t o some o t h e r s a m p l i n g scheme, t h e i n d u s t r i a l 
e n g i n e e r o n l y n e e d s to know w h e t h e r o r n o t s u b p e r i o d s of t h e o v e r a l l 
a c t i v i t y can be formed which d i f f e r s i g n i f i c a n t l y w i t h r e s p e c t t o t h e 
p r o p o r t i o n of t ime s p e n t i n t h e s t a t e s of t h e a c t i v i t y of i n t e r e s t . 
Even when such a c h a r a c t e r i s t i c o f t h e p r o c e s s i s n o t h i g h l y s i g n i f i ­
c a n t , s t r a t i f i c a t i o n may s t i l l o f f e r a d m i n i s t r a t i v e a d v a n t a g e s . T h i s 
i s c l e a r l y e v i d e n t i n c u r r e n t p r a c t i c e a s c i t e d a t t h e b e g i n n i n g of 
t h i s s e c t i o n . C o n s i d e r t h e f o l l o w i n g common s i t u a t i o n s which c o u l d 
l o g i c a l l y l e a d t o s t r a t i f i c a t i o n : 
1 . The w o r k e r s p e n d s t h e b e g i n n i n g p o r t i o n of t h e day g e t t i n g 
"warmed u p " o r s e t up f o r work and t h e l a t t e r p o r t i o n of t h e day 
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c l e a n i n g up and " p u t t i n g away." The p r o p o r t i o n of t ime s p e n t i n t h e 
s t a t e of t h e a c t i v i t y , s a y , " o p e r a t e m a c h i n e " would n o t be t h e same f o r 
a l l p e r i o d s of t h e d a y . S t r a t i f i c a t i o n c o u l d t h u s be made on h o u r s o r 
some o t h e r p e r i o d , e a c h h o u r o r p e r i o d b e i n g a u n i q u e s t r a t u m . 
2 . A b s e n t e e i s m , t ime of week (Monday v s . F r i d a y ) , w e a t h e r , 
e t c . , may c r e a t e d i f f e r e n c e s i n each days p e r f o r m a n c e and c a u s e t h e 
f r a c t i o n of t i m e s p e n t i n g i v e n s t a t e s of t h e a c t i v i t y t o v a r y s i g n i f i ­
c a n t l y from day t o d a y . S t r a t i f i c a t i o n by days i s i n d i c a t e d . Any o t h e r 
s u b p e r i o d of t i m e , among which t h e r e a r e s i g n i f i c a n t d i f f e r e n c e s i n t h e 
c h a r a c t e r i s t i c s b e i n g m e a s u r e d , would a l s o s e r v e as a b a s i s f o r s t r a t i ­
f i c a t i o n . 
3 . D i f f e r e n c e s i n m a t e r i a l s , t y p e s of o r d e r s , e t c . , c o u l d i n t r o ­
duce d i f f e r e n c e s i n t h e t i m e r e q u i r e d f o r v a r i o u s e l e m e n t s from o r d e r t o 
o r d e r . Hence s t r a t i f i c a t i o n by o r d e r s c o u l d be p r o f i t a b l e . 
4-. I n d i v i d u a l d i f f e r e n c e s i n p e o p l e o r mach ines w i l l i n t r o d u c e 
d i f f e r e n c e s i n t h e t i m e r e q u i r e d f o r p e r f o r m i n g t h e e l e m e n t s of an 
a c t i v i t y . S t r a t i f i c a t i o n w i t h r e s p e c t t o one o r more d e f i n e d c h a r a c t e r ­
i s t i c s of p e o p l e a n d / o r mach ines would be p o s s i b l e . 
S i t u a t i o n s such a s t h e f o r e g o i n g a r e r e c o g n i z e d a s b e i n g q u i t e 
common i n p r a c t i c e . T h e r e i s u n d o u b t e d l y a number of o t h e r f a c t o r s 
w h i c h would be p e c u l i a r t o a s p e c i f i c a c t i v i t y u n d e r s t u d y and which 
would s e r v e a s b a s e s f o r s t r a t i f i c a t i o n . P r a c t i t i o n e r s i n t h e f i e l d of 
s u r v e y s amp l ing (31) have s t a t e d t h a t p o p u l a t i o n s se ldom e x i s t i n which 
t h e r e i s no c h a r a c t e r i s t i c on which one can s t r a t i f y . T h i s l e a d s t o 
t h e c o n c l u s i o n t h a t s i m p l e random s a m p l i n g s h o u l d se ldom be employed a s 
t h e o v e r a l l s a m p l i n g p r o c e d u r e , b u t t h a t i t s h o u l d s e r v e i n s t e a d a s a 
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u s e f u l b a s i s f o r d e v e l o p i n g more e f f i c i e n t m o d e l s . The f o l l o w i n g s e c ­
t i o n s of t h i s c h a p t e r w i l l show t h e e x a c t n a t u r e and c o n s e q u e n c e s of 
a p p l y i n g s t r a t i f i c a t i o n i n work s a m p l i n g s t u d i e s . 
S t r a t i f i e d Random Work Sampl ing 
The s a m p l i n g u n i t i n s t r a t i f i e d random work s a m p l i n g i s t h e same 
a s d e f i n e d i n s i m p l e random work s a m p l i n g . Tha t i s , t h e p o p u l a t i o n i s 
d i v i d e d i n t o m i n u t e s and when a m i n u t e i s chosen f o r o b s e r v a t i o n , t h e 
a c t u a l u n i t sampled I s a random i n s t a n t w i t h i n t h a t m i n u t e . The e n t i r e 
u n i v e r s e of U m i n u t e s , of N i n s t a n t s , i s d i v i d e d i n t o L g roups o r 
s t r a t a and t h e number o f s a m p l i n g u n i t s i n t h e h t h s t r a t u m i s N^. Tha t 
i s , t h e u n i t s i n t h e h t h s t r a t u m a r e assumed t o be numbered 1 , 2 , 
. . . . . . . . . . . . N^. S i n c e t h e r e a r e L s t r a t a and e a c h u n i t a p p e a r s i n 
one and o n l y one s t r a t u m , N = ^ N^. In a s i m i l a r f a s h i o n , t h e sample 
h = l L 
S i z e i n t h e h t h s t r a t u m i s n^ and n - ^ n ^ , where n i s t h e 
h = l 
s i z e o f t h e a g g r e g a t e sample from a l l s t r a t a . The v a l u e o f a c h a r a c ­
t e r i s t i c , s a y X, o f t h e i t h u n i t from t h e h t h s t r a t u m i s X In 
h i 
work s a m p l i n g , each e l e m e n t of t h e a c t i v i t y u n d e r s t u d y w i l l be d e s i g n a t e d 
w i t h a u n i q u e n o t a t i o n such a s X, Y, o r Z as i n C h a p t e r I I I . For t h e 
h t h s t r a t u m , t h e v a l u e of X, . r e p r e s e n t s t h e p r e s e n c e o r a b s e n c e of 
h i 
e l e m e n t X on t h e i t h u n i t i n t h e h t h s t r a t u m ; Y . r e p r e s e n t s t h e 
h i 
p r e s e n c e o r a b s e n c e of e l e m e n t Y on t h e i t h u n i t ; and Z ^ r e p r e s e n t s 
t h e p r e s e n c e o r a b s e n c e of e l e m e n t Z on t h e i t h u n i t . T h e r e f o r e , 
f o r e a c h u n i t i n t h e s t r a t u m , e i t h e r X, . , Y , o r Z, . w i l l be e q u a l 
' h i ' h i h i H 
t o one and t h e o t h e r two w i l l be e q u a l t o z e r o i f t h e o n l y e l e m e n t s 
78 
p o s s i b l e a r e X, Y, and Z. As an e x a m p l e , c o n s i d e r Appendix A. I f 
t h e t o t a l scope of t h e s t u d y (U = 1 9 , 2 0 0 man-minu te s ) i s d i v i d e d i n t o 
t e n s t r a t a , where each day i s a s t r a t u m , t h e n each s t r a t u m c o n t a i n s a 
t o t a l of 1 ,920 m a n - m i n u t e s . T h i s a c c o u n t s f o r t h e t o t a l s cope of t i m e 
u n d e r c o n s i d e r a t i o n . There i s assumed t o be an i n f i n i t e number of i n ­
s t a n t s i n t h e p o p u l a t i o n as w e l l a s i n each s t r a t u m . In t h e h y p o t h e t i c a l 
a c t i v i t y i n Appendix A, e ach man-minute i s o c c u p i e d by o n e , and o n l y o n e , 
s t a t e of t h e a c t i v i t y . However, t h i s d o e s n o t need t o be t h e c a s e ( a s 
p o i n t e d o u t e a r l i e r u n d e r t h e d i s c u s s i o n of t h e s a m p l i n g u n i t i n Chap­
t e r I I I ) s i n c e a random i n s t a n t w i t h i n t h e minu t e chosen i s what i s 
a c t u a l l y sampled . I t s h o u l d a l s o be n o t e d t h a t s t r a t a do n o t have t o 
be e q u a l i n s i z e f o r t h e a p p l i c a t i o n of s a m p l i n g t h e o r y i n d e v e l o p i n g 
e s t i m a t o r s and t h e i r v a r i a n c e s . T h i s p r a c t i c e i s f o l l o w e d h e r e f o r 
c o n v e n i e n c e . 
The t o t a l number of i n s t a n t s d e v o t e d t o t h e Xth s t a t e o f t h e 
a c t i v i t y i n s t r a t u m h i s 
N h 
x h = I \ i - ( 3 8 ) 
i = l 
Y^ and Z^ a r e d e t e r m i n e d a n a l o g o u s l y . S i n c e t h e t h r e e s t a t e s of 
t h e a c t i v i t y a r e m u t u a l l y e x c l u s i v e (Appendix A) a s w e l l a s a l l i n c l u ­
s i v e , t h e n X. + Y + Z = N, . I t i s n o t n e c e s s a r y t h a t t h e e l e m e n t s 
h h h h J 
of c o n c e r n i n a work s a m p l i n g s t u d y be a l l i n c l u s i v e ; however i f t h i s 
i s n o t t h e c a s e , i t i s a d v i s a b l e t o l a b e l a s t a t e a s " o t h e r " t o i n s u r e 
t h a t a r e c o r d i n g i s made a t each o b s e r v a t i o n . Such p r a c t i c e w i l l s e r v e 
a s a check on t h e t o t a l number of o b s e r v a t i o n s made and w i l l a l s o a s s i s t 
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i n k e e p i n g t h e r e s u l t s f r e e of n o n - s a m p l i n g e r r o r s . F o l l o w i n g t h e n o t a ­
t i o n a b o v e , and u s i n g Appendix A, x . w i l l d e n o t e t h e p r e s e n c e o r 
a b s e n c e of s t a t e X a t t h e j t h sample o b s e r v a t i o n i n s t r a t u m h . 
Hence x u = ) x, . . The sums y and z, a r e c a l c u l a t e d a n a l o g o u s l y , h Z_J h J h h & J 
The t o t a l number of i n s t a n t s i n t h e u n i v e r s e d e v o t e d t o each e l e m e n t of 
an a c t i v i t y i n which t h e r e a r e t h r e e e l e m e n t s , X, Y, and Z, i s 
L L N h 
x = L \ = I I \ i ( 3 9 ) 
h = l h = l i = l 
L N h 
Y h Z J \ i 
h = l h = l 1=1 
L L h 
Z h L L Z h i ' 
h = l h = l i = l 
The t o t a l number of i n s t a n t s i n t h e sample of s i z e n a t which t h e 
a c t i v i t y i s o b s e r v e d t o be i n each of t h e t h r e e s t a t e s i s 
L L \ 
h = l h = l j = l 
L L N h 
h = l h = l j = l 
L h 
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The p r o p o r t i o n s of t i m e s p e n t i n each of t h e t h r e e s t a t e s o v e r t h e 
e n t i r e u n i v e r s e a r e 
x = P X = X / N ( a ) 
Y = P^ = Y/N 
Z = P = Z/N Zi 
The p r o p o r t i o n s f o r t h e h t h s t r a t u m a r e 
h Xh h h 
Y, = P™ = Y /N 
h Yh h' h 
%_ = P ^ = Z u / N , h Zh h ' h 
and f o r t h e sample of n i t e m s from t h e h t h s t r a t u m , t h e s e p r o p o r -
h 
t i o n s a r e 
x = P = x / n (43) 
h Xh W h 
^h = Pyh = \ / \ 
\ = p Z h = \ \ ' 
As i n s i m p l e random s a m p l i n g , t h e v a r i a n c e o v e r t h e e n t i r e u n i ­
v e r s e f o r each of t h e c h a r a c t e r i s t i c s X, Y, and Z w i l l b e d e n o t e d by 
T K L v4i 
^ ^ I Z < x n i - * > 2 ' e t c - w 
h = l i = l 
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The v a r i a n c e s of t h e c h a r a c t e r i s t i c s w i t h i n t h e h t h s t r a t u m a r e d e n o t e d 
s i m i l a r l y by 
S x h = i T 7 I ( x h i - V 2 > e t 0 -
i = l 
The magn i tude of t h e g a i n s i n p r e c i s i o n from s t r a t i f i e d random 
work s a m p l i n g a s compared t o s i m p l e random work s a m p l i n g w i l l depend upon 
how e f f e c t i v e l y t h e s t r a t i f i c a t i o n i s c a r r i e d o u t . Improvements i n t h e 
me thods of d a t a c o l l e c t i o n depend upon t h e p r a c t i t i o n e r s ' a b i l i t y t o 
c r e a t e s t r a t a which a r e e a s i e r t o sample a s a group t h a n t h e p o p u l a t i o n 
a s a w h o l e . A n a l y s e s of t h e g a i n s i n b o t h c a s e s w i l l be made and d i s ­
c u s s e d i n l a t e r s e c t i o n s . 
E s t i m a t o r s from a S t r a t i f i e d Random Sample 
S i n c e t h e p o p u l a t i o n c h a r a c t e r i s t i c s t o be e s t i m a t e d i n work 
s a m p l i n g a r e p r o p o r t i o n s , t h i s d i s c u s s i o n w i l l be r e s t r i c t e d t o t h i s 
t y p e of e s t i m a t o r . As i n d i c a t e d e a r l i e r , t h e mean of a p o p u l a t i o n 
c h a r a c t e r i s t i c , s a y X, where t h e p o p u l a t i o n h a s been d i v i d e d i n t o 
L s t r a t a , i s 
h X h L 
P = X/N = - £ = i = - ) N P . (46) 
X j N L h Xh 
L \ 
h = l 
h= l 
Thus P, r i s a w e i g h t e d mean of t h e P ' s , t h e p r o p o r t i o n s i n t h e v a r i -X & Xh 
ous s t r a t a . The w e i g h t i n g f a c t o r N^/N i s , a s one would e x p e c t , t h e 
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p r o p o r t i o n of t h e p o p u l a t i o n i n each s t r a t u m . 
S i n c e a s i m p l e random sample i s drawn from each s t r a t u m , C h a p t e r 
I I I may be r e f e r r e d t o f o r showing t h a t 
\ = p x h = V n h = ^ L v . 
h j = i J 
i s a c o n s i s t e n t and u n b i a s e d e s t i m a t o r of X, = P, r i , t h e t r u e mean of 
h Xh 
tt 
s t r a t u m h . Hence t o o b t a i n a c o n s i s t e n t and u n b i a s e d e s t i m a t o r of 
t h e o v e r a l l p r o p o r t i o n P , we u s e 
A 
X N i—i h Xh 
h = l 
I f p r o p o r t i o n a t e s a m p l i n g i s u s e d , i . e . , i f t h e s a m p l i n g f r a c ­
t i o n n , / N i s e q u a l t o n/N f o r e a c h s t r a t u m and t h u s N = Nn / n . 
h ' h ^ ' h h 
t h e e s t i m a t o r p r e d u c e s t o 
X 
-L, L L n_h 
V x h = s £ x h - n - Z Z < * » 
h = l h = l h = l j = l 
wh ich y i e l d s t h e same e s t i m a t e a s s i m p l e random s a m p l i n g . I t i s o b v i ­
ous t h a t t h e c a l c u l a t i o n of t h e e s t i m a t e i s s i m p l i f i e d c o n s i d e r a b l y when 
p r o p o r t i o n a t e s a m p l i n g i s u sed a s compared t o d i s p r o p o r t i o n a t e s a m p l i n g . 
The n e c e s s i t y of w e i g h t i n g each s t r a t u m e s t i m a t e s e p a r a t e l y i s e l i m i n a t e d 
i n t h e fo rmer c a s e . The p r a c t i c e c i t e d e a r l i e r of u s i n g s i m p l e random 
*See Cochran ( 1 5 , p . 9 1 ) . 
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s a m p l i n g c o n c e p t s b u t s t r a t i f y i n g o v e r d a y s i s an example of p r o p o r ­
t i o n a t e s t r a t i f i e d s a m p l i n g . C u r r e n t p r a c t i c e h a s e s t a b l i s h e d t h a t 
p r o p o r t i o n a t e s a m p l i n g h a s many a d m i n i s t r a t i v e a d v a n t a g e s of which t h e 
major one i s t h e more even demand on t h e o b s e r v e r ' s t i m e . Al though t h e 
e s t i m a t e o b t a i n e d w i l l be t h e same i n p r o p o r t i o n a t e s t r a t i f i e d random 
work s a m p l i n g a s i n s i m p l e random work s a m p l i n g , t h e v a r i a n c e of t h e 
s t r a t i f i e d e s t i m a t o r i s s m a l l e r t h a n t h e v a r i a n c e of t h e s i m p l e random 
e s t i m a t o r ; and f o r t h i s r e a s o n , t h e u s u a l p r a c t i c e of i g n o r i n g s t r a t i ­
f i c a t i o n i n comput ing t h e s t a n d a r d d e v i a t i o n of t h e e s t i m a t e r e s u l t s 
i n an o v e r e s t i m a t e . Hence a d e s i r e d p r e c i s i o n may be a t t a i n e d w i t h a 
s m a l l e r sample u s i n g t h e s t r a t i f i e d e s t i m a t o r . A compar i son of t h e s e 
v a r i a n c e s i s made i n a l a t e r s e c t i o n of t h i s c h a p t e r . An i n v e s t i g a t i o n 
of p r o p o r t i o n a t e v e r s u s d i s p r o p o r t i o n a t e s amp l ing i n work s a m p l i n g w i l l 
a l s o be made l a t e r . 
P r e c i s i o n of t h e E s t i m a t o r s 
Us ing t h e v a r i a n c e of a s i m p l e random sample from C h a p t e r I I I , 
i . e . , 
2 _ /N-n\ P X Q X , , 
° p x - fe) T " ' (50) 
we s e e t h a t t h e v a r i a n c e of t h e e s t i m a t e d p r o p o r t i o n f o r t h e 
h t h s t r a t u m i s 
2 = A - n h N P Xh Q Xh (51) 
V h " V 1 n h 
U s i n g two w e l l known m a t h e m a t i c a l t h e o r e m s , (1) t h a t t h e v a r i a n c e of a 
sum of i n d e p e n d e n t components i s e q u a l t o t h e sum of t h e v a r i a n c e s of t h e 
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c o m p o n e n t s , and (2) t h a t t h e v a r i a n c e of a. c o n s t a n t t i m e s a v a r i a b l e i s 
e q u a l t o t h e c o n s t a n t s q u a r e d t i m e s t h e v a r i a n c e of t h e v a r i a b l e , we s ee 
t h a t , f o r a s t r a t i f i e d s a m p l e , 
°z - f f y 2 4 - t "if " - B H - ^ ) . (52) 
PX ^ N p X h £-> N h 1 h 
h = l h = l 
T h i s i s t h e v a r i a n c e of p from a f i n i t e p o p u l a t i o n of N u n i t s . 
X 
S i n c e t h e p r a c t i c e of s a m p l i n g a random i n s t a n t w i t h i n t h e chosen m i n ­
u t e l e a d s t o t h e a s s u m p t i o n of an i n f i n i t e p o p u l a t i o n of " u l t i m a t e " 
s a m p l i n g u n i t s , t h i s v a r i a n c e r e d u c e s t o 
N 2 P Q \^ f 2 P Q 
2 = \ V x j A h = \ ( 5 3 ) 
1 h = l N n h h = l h 
where f = ^ h ^ ^ e ^ r a c ^ ^ - o n ° ^ "^ n e p o p u l a t i o n i n t h e h t h s t r a t u m . 
F u r t h e r , i n t h e c a s e of p r o p o r t i o n a l s a m p l i n g , where n /N = n /N, t h i s 
h h 
v a r i a n c e r e d u c e s t o 
L 2 L 
2 _ V N h P X h Q X h , 1 V f P o (v\ 
%Y " L NnN ~ n f h P X h Q X h " 
1 h = l h h = l 
As i n t h e c a s e of s i m p l e random s a m p l i n g , t h e above v a r i a n c e s con­
t a i n t h e p a r a m e t e r s b e i n g e s t i m a t e d and hence w i l l have t o be e s t i m a t e d 
from t h e sample i t s e l f . App ly ing t h e p r o c e d u r e f o r e s t i m a t i n g v a r i a n c e s 
from t h e sample g i v e n i n C h a p t e r I I I t o e ach s t r a t u m we s e e t h a t 
s 2 = to)PjaAh ( 5 5 ) 
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i s an u n b i a s e d (and c o n s i s t e n t ) e s t i m a t o r of a . T h e r e f o r e , we s u b -
s t i t u t e s i n e q u a t i o n (52) and o b t a i n 
P X h 
and upon assuming an i n f i n i t e p o p u l a t i o n and p r o p o r t i o n a t e s t r a t i f i e d 
s a m p l i n g , t h e e s t i m a t e d v a r i a n c e becomes 
D e s i g n i n g a S t r a t i f i e d Random Sample f o r a S t a t e d P r e c i s i o n 
As i n d i c a t e d i n t h e g e n e r a l comments made e a r l i e r a b o u t s t r a t i ­
f i c a t i o n i n work s a m p l i n g , t h e o b j e c t i v e i n s e t t i n g up t h e s t r a t a i s t o 
make them a s homogeneous a s p o s s i b l e w i t h i n t h e m s e l v e s , and a s d i f f e r e n t 
a s p o s s i b l e from s t r a t u m t o s t r a t u m . The number of s t r a t a formed w i l l 
r e f l e c t t h e d e p t h t o wh ich one s t r a t i f i e s a - p o p u l a t i o n . From t h e s t a n d ­
p o i n t of v a r i a n c e r e d u c t i o n i n t h e e s t i m a t o r s , i t i s t h e o r e t i c a l l y p o s ­
s i b l e t o c o n t i n u e t o make g a i n s by making more and more and c o n s e q u e n t l y 
s m a l l e r and s m a l l e r s t r a t a . However, t h e i n c r e a s e d a d m i n i s t r a t i v e d e t a i l 
i n such c a s e s soon o f f s e t s t h e a d d i t i o n a l g a i n from d e e p e r s t r a t i f i c a t i o n : . 
T h i s phenomenon i s more s i g n i f i c a n t w i t h z e r o - o n e v a r i a b l e s a s u s e d i n 
work s a m p l i n g , f o r i f t h e p r a c t i t i o n e r i s u n a b l e t o show s i g n i f i c a n t d i f ­
f e r e n c e s i n t h e v a l u e s o f P from s t r a t u m t o s t r a t u m , a d d i t i o n a l s t r a t i ­
f i c a t i o n i s n o t p r o f i t a b l e . Major f a c t o r s such a s t h o s e d i s c u s s e d 
e a r l i e r ( p e r i o d s , i n d i v i d u a l s , o r d e r s , e t c . ) w i l l u n d o u b t e d l y y i e l d most 
(56) 
h = l h = l 
(57) 
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o f t h e g a i n s i n s t r a t i f i e d work s a m p l i n g . As s t a t e d i n t h a t d i s c u s s i o n , 
t h e c h o i c e of f a c t o r s on which t o s t r a t i f y must be l e f t t o t h e judgment 
of t h e p r a c t i t i o n e r . 
In some c a s e s t h e f a c t o r s on which t o s t r a t i f y may n o t be c l e a r 
due t o a l a c k of knowledge a b o u t t h e v a l u e s of t h e P, ' s f o r s u b s e t s of 
h 
t h e p o p u l a t i o n . One may t a k e a p r e l i m i n a r y sample f o r t h e p u r p o s e of g e t ­
t i n g r o u g h e s t i m a t e s of t h e P ^ ' s t o u s e i n t h e d e s i g n of t h e sample a s 
w e l l a s t o o b t a i n a knowledge of t h e b e s t f a c t o r s f o r s t r a t i f i c a t i o n . 
However, i n c a s e s where t h e r e have b e e n p r e v i o u s s t u d i e s , d a t a o b t a i n e d 
i n t h e s e s t u d i e s may be u s e d t o i n d i c a t e t h e answers t o t h e s e q u e s t i o n s . 
When t h e d e c i s i o n i s made as t o t h e method f o r s p e c i f y i n g t h e 
s t r a t a and an e s t i m a t e of t h e P ' s i s s e c u r e d , t h e t o t a l sample s i z e 
h ' 
f o r a s t a t e d l e v e l of p r e c i s i o n of t h e e s t i m a t o r can be e s t i m a t e d . L i m i ­
t a t i o n s on t h e m a g n i t u d e of t h e sample may t a k e two forms a s i n s i m p l e 
random work s a m p l i n g . A d e s i r e d p r e c i s i o n may be s p e c i f i e d o r a t o t a l 
c o s t f o r t h e s t u d y may be t h e l i m i t i n g f a c t o r . The f i r s t of t h e s e w i l l 
be c o n s i d e r e d h e r e , t h e l a t t e r w i l l be d i s c u s s e d i n t h e s e c t i o n which p e r ­
t a i n s t o c o s t s i n s t r a t i f i e d random work s a m p l i n g . 
Using t h e same g e n e r a l n o t a t i o n of C h a p t e r I I I , t h e e s t i m a t e of 
P-£ w i l l be p^. a s s t a t e d i n e q u a t i o n ( 4 8 ) . The v a r i a n c e of t h i s e s t i ­
m a t o r i s g i v e n by e q u a t i o n ( 5 4 ) , where p r o p o r t i o n a t e s a m p l i n g i s assumed. 
The s u b s c r i p t X i s d r o p p e d i n t h i s d e r i v a t i o n f o r c l a r i t y . I t i s t o be 
u n d e r s t o o d t h a t t h e c a l c u l a t i o n s a r e f o r a p a r t i c u l a r p a r a m e t e r . I f t h e 
e s t i m a t e i s d e s i r e d w i t h i n a f r a c t i o n , R, of t h e t r u e v a l u e w i t h c o n f i ­
dence 1 - Ct, t h e n 
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1/2 
HP = K„ /o °„ = K a / 9 d ) f J 5 , Qu \ (58) V 2 Q P = V 2 \ n ^ ^ V h , 
h = l 
</2 L W h 
n = — h = 1 
R 2 p 2 
T h i s i s t h e v a l u e of n n e c e s s a r y t o y i e l d an e s t i m a t e of P t h a t w i l l 
be w i t h i n 100R p e r c e n t of t h e t r u e v a l u e w i t h c o n f i d e n c e 1 - OC. 
Again i t i s n e c e s s a r y t o have r ough e s t i m a t e s of t h e P ^ ' s i- n 
o r d e r t o u s e t h i s f o r m u l a . These may be a p p r o x i m a t e d from e x i s t i n g know­
l e d g e of t h e p o p u l a t i o n o r from p i l o t s t u d i e s which a r e made f o r t h i s p u r ­
p o s e o r f o r t h e p u r p o s e of d e f i n i n g t h e s t r a t a . 
The v a r i a n c e of s^ i s a c o m p l i c a t e d e x p r e s s i o n ; however t h e 
P X 
r u l e s i n C h a p t e r I I I f o r a s s u r i n g t h a t V_ < 0 . 1 0 may be a p p l i e d t o each 
s 
s t r a t u m to i n s u r e t h a t t h i s w i l l n o t be a s o u r c e of s i g n i f i c a n t e r r o r i n 
t h e e s t i m a t e d c o n f i d e n c e l i m i t s on P ^ . As b e f o r e , t h e f a c t t h a t s a m p l i n g 
i s assumed t o be from an i n f i n i t e p o p u l a t i o n i n work s a m p l i n g - a n d t h e f a c t 
t h a t t h e e s t i m a t e d p r o p o r t i o n s a r e n o t o f t e n l e s s t h a n 0 . 1 0 , t h e sample 
2 2 
w i l l a l m o s t a lways be s u f f i c i e n t t o a l l o w t h e a s s u m p t i o n t h a t s = a 
PX P X 
F o l l o w i n g t h e same g e n e r a l p r o c e d u r e s e t f o r t h i n C h a p t e r I I I , 
b u t u s i n g t h e v a r i a n c e of t h e s t r a t i f i e d e s t i m a t o r , one can s e t c o n f i d e n c e 
i n t e r v a l e s t i m a t e s on t h e p r o p o r t i o n of t i m e s p e n t p e r f o r m i n g t h e i t h e l e ­
ment a s f o l l o w s : 
P ( V k a / 2 S P i ^ P i ± p i + V z ^ i 5 i 1 " a = / - ^ ^ = e " ^ d r . (59) 
a / 2 **2* 
88 
Such i n t e r v a l s a r e s t a t e d unde r t h e a s s u m p t i o n t h a t p_^ i s a normal 
v a r i a b l e w i t h s t a n d a r d d e v i a t i o n s D , h e n c e t h e a p p r o x i m a t i o n . 
A l l o c a t i o n of t h e S a m p l e , n , t o t h e S t r a t a i n S t r a t i f i e d Work Sampl ing 
A f t e r t h e t o t a l sample s i z e has been d e t e r m i n e d , t h e q u e s t i o n of 
how t h e sample w i l l be a l l o c a t e d t o t h e s t r a t a r e m a i n s t o be answered . I n 
f a c t , t h i s i n f o r m a t i o n must be known b e f o r e t h e sample s i z e i s c a l c u l a t e d 
s i n c e t h e v a r i a n c e of t h e e s t i m a t o r depends on t h i s a l l o c a t i o n . Th i s 
p r o b l e m h a s r e c e i v e d c o n s i d e r a b l e a t t e n t i o n i n s u r v e y s a m p l i n g p r a c t i c e s 
and t h e s o l u t i o n s t h e r e o f f e r some i n s i g h t i n t o how t h i s s h o u l d be accom­
p l i s h e d i n work s a m p l i n g ( 1 5 , p . 7 3 ) . In t h e p r i o r s e c t i o n s of t h i s c h a p ­
t e r , e x p r e s s i o n s f o r e s t i m a t o r s and t h e i r v a r i a n c e s were g i v e n f o r p r o p o r ­
t i o n a l a l l o c a t i o n of t h e sample t o t h e s t r a t a . T h i s p r o c e d u r e s i m p l y 
s p e c i f i e s t h a t t h e sample i n each s t r a t u m , n ^ , w i l l be (n /N)N^ . 
I n e s t i m a t i n g a p r o p o r t i o n , P , u s i n g a s t r a t i f i e d random sample 
from a f i n i t e p o p u l a t i o n , i t was shown t h a t p ( e q u a t i o n 4-8) i s a c o n ­
s i s t e n t and u n b i a s e d e s t i m a t o r of P w i t h v a r i a n c e a s shown i n e q u a t i o n 
L 
( 5 2 ) , which r e d u c e d t o ^ f^P^Q^/n^ i n s t r a t i f i e d work s a m p l i n g ( e q u a -
h = l 
t i o n 5 3 ) . One o b j e c t i v e i n s p e c i f y i n g t h e n^ f o r each s t r a t u m i s t o 
m i n i m i z e t h e v a r i a n c e of t h e e s t i m a t o r f o r a g i v e n t o t a l sample s i z e n 
( t h i s p r a c t i c e i g n o r e s c o s t s of s a m p l i n g which w i l l be t r e a t e d l a t e r ) . 
The m a g n i t u d e of n may be t h e r e s u l t of imposed l i m i t s on t h e p r e c i s i o n 
of t h e e s t i m a t o r o r imposed l i m i t s on t o t a l c o s t s . The f o r m e r was d i s ­
c u s s e d i n t h e p r e c e d i n g s e c t i o n ; t h e l a t t e r w i l l be d i s c u s s e d i n t h e s e c ­
t i o n on c o s t s . 
C o n s i d e r i n g t h e p r o b l e m of d e t e r m i n i n g t h e a l l o c a t i o n of n t o 
39 
t h e s t r a t a , t h e o b j e c t i v e i s t o min imize t h e v a r i a n c e of t h e e s t i m a t o r 
s u b j e c t t o t h e c o n d i t i o n t h a t ^ n^ = n . F o l l o w i n g t h e t e c h n i q u e 
h = l 
a d v a n c e d by Cochran ("15, p . 7 3 ) , t h e Lagrange m u l t i p l i e r i s u s e d t o 
s e l e c t n, t o min imize 
h 
4 + A 1 \ - n J < 6 o > 
03=1 
f 2 _n_h + M ) n _ n 
'h ii, I U h 
h = l \ h = l 
D i f f e r e n t i a t i n g w i t h r e s p e c t t o n , one o b t a i n s 
h y A y A l / 2 h h h 
L 
h = i A " h = i 
and 
h = l 
. 1 / 2 
S u b s t i t u t i n g t h e e x p r e s s i o n f o r A i n t o t h e e x p r e s s i o n f o r n ^ , we 
g e t 
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. s " W / / 2 . ( 6 1 ) 
I V p h V 1 / 2 
h = l 
T h i s r e s u l t shows t h a t t h e optimum a l l o c a t i o n of a f i x e d s a m p l e , n , 
f o r t h e p u r p o s e of m i n i m i z i n g t h e v a r i a n c e of t h e e s t i m a t o r i s t o make 
t h e a l l o c a t i o n a f u n c t i o n of t h e r e l a t i v e s i z e s of t h e s t r a t a , f , and 
1/2 
t h e s t r a t u m s t a n d a r d d e v i a t i o n s , (P^Q^) • l n e s s e n c e , t h i s p r o c e d u r e 
s a y s t o t a k e a l a r g e r p o r t i o n of t h e t o t a l s a m p l e , n , from t h e l a r g e r 
and more v a r i a b l e s t r a t a . 
S i n c e P r a n g e s from 0 to 1 i n a l l c a s e s , t h e g e n e r a l g a i n f o r 
minimum v a r i a n c e a l l o c a t i o n o v e r p r o p o r t i o n a l a l l o c a t i o n can be i n d i c a t e d . 
The v a r i a n c e of t h e e s t i m a t o r of P f o r p r o p o r t i o n a l a l l o c a t i o n i s g i v e n 
i n e q u a t i o n (5U) and can be r e w r i t t e n a s ) f, P, Q , / n , w h e r e a s i n minimum 
L_i h h h 
h = l 
v a r i a n c e a l l o c a t i o n , t h i s v a r i a n c e i s found by s u b s t i t u t i n g t h e v a l u e of 
n^ c a l c u l a t e d above i n t o e q u a t i o n ( 5 3 ) , which becomes 
2 _ v f i Z A h = i 
1 w h ) 1 / 2 
a / 2 L 
- w _ y f ( p Q ) V 2 
Z J h h h ' 
(62) 
9 1 
-Hence y t h e r a t i o of t h e v a r i a n c e s f o r minimum v a r i a n c e a l l o c a t i o n t o 
p r o p o r t i o n a l a l l o c a t i o n i s 
a (Minimum v a r i a n c e ) v . ... 
J 2 J 1 = V H 1 / _ . (63) 
2 L a ( P r o p o r t i o n a l ) r—i 
h = l 
A l t h o u g h t h e p o s s i b l e v a l u e s of t h i s r a t i o a r e g r e a t i n number due t o t h e 
many v a l u e s p o s s i b l e f o r L, f , and P ^ , an e v a l u a t i o n of i t s m a g n i ­
t u d e can be g i v e n i n a t y p i c a l work s a m p l i n g s e t t i n g . I t i s l o g i c a l t h a t 
i n many work s a m p l i n g s t u d i e s where s t r a t i f i c a t i o n would be a d m i n i s t r a t i v e l y 
c o n v e n i e n t , t h e L s t r a t a w i l l be e q u a l i n s i z e . F o r e x a m p l e , s t r a t i f i ­
c a t i o n by d a y s , a s p o i n t e d o u t e a r l i e r t o be a common p r a c t i c e , y i e l d s 
s t r a t a of e q u a l s i z e . S t r a t i f i c a t i o n by i n d i v i d u a l s u b j e c t s would a l s o 
y i e l d s t r a t a of e q u a l s i z e . The r a t i o of minimum v a r i a n c e t o p r o p o r t i o n a l 
a l l o c a t i o n f o r s t r a t a of e q u a l s i z e ( f = l / L ) i s 
Cochran shows t h a t f o r 0<,5 .< P^ < 0 o 9 5 and f o r h = 2 , t h a t t h e r e l a t i v e 
p r e c i s i o n of p r o p o r t i o n a l t o minimum v a r i a n c e a l l o c a t i o n f o r t h e mos t 
s e v e r e c a s e s of P^ i s a p p r o x i m a t e l y 87 p e r c e n t ( 1 5 , p p . 9 1 - 9 2 ) „ He 
f u r t h e r s t a t e s t h a t " I n most c a s e s t h e s i m p l i c i t y and t h e s e l f - w e i g h t i n g 
f e a t u r e of p r o p o r t i o n a l s t r a t i f i c a t i o n more t h a n compensa te f o r t h i s s l i g h t 
l o s s In p r e c i s i o n . " 
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In a d d i t i o n t o t h i s i n d i c a t i o n t h a t p r o p o r t i o n a l a l l o c a t i o n I s 
p r e f e r r e d t o minimum v a r i a n c e a l l o c a t i o n , , an a l l o c a t i o n b a s e d on c o s t s of 
s a m p l i n g i n each s t r a t u m w i l l shed a d d i t i o n a l l i g h t on t h e problem., The 
t o t a l c o s t of s a m p l i n g i n t h e h t h s t r a t u m i s a n ( ^ t o t a l s a m p l i n g 
L 
c o s t s a r e ^ n h c h ° " ^ o r ^ e s a m P - ' - e ° ^ s i z e n a s c a l c u l a t e d e a r l i e r , 
h = l 
t h e a l l o c a t i o n i s made such t h a t t h e v a r i a n c e of t h e e s t i m a t o r i s min imized 
s u b j e c t t o a s p e c i f i e d s a m p l i n g c o s t , s a y G a The p r o c e d u r e u s e d e a r l i e r 
I n m i n i m i z i n g t h e v a r i a n c e of t h e e s t i m a t o r s u b j e c t t o a f i x e d sample 
s i z e l e a d s t o m i n i m i z i n g t h e same v a r i a n c e s u b j e c t t o a f i x e d c o s t , i 0 e 0 , 
% + * \ L V V (65) 
J l = l 
r,2 h^h . _ \ 
^ ~Z + A ) n c h n h " h h 
h = l h = l 
D i f f e r e n t i a t i n g w i t h r e s p e c t t o n^ and e q u a t i n g t h e r e s u l t t o z e r o y i e l d s 
f 2 P 0 
2 h 3 
n h 
and s o l v i n g f o r n ^ , one o b t a i n s 
But s i n c e n - ^ n h J t h e n 
h - 1 
y w 1 7 2 ( 6 6 ) 
L „ „ N 1 / 2 
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T h i s p r o c e d u r e a l l o c a t e s n t o t h e L s t r a t a In such a way t h a t l a r g e r 
s ample s a r e t aken i n s t r a t a where t h e v a r i a n c e i s g r e a t e r , where t h e s i z e 
I s l a r g e r ^ and where t h e c o s t of s a m p l i n g i s l e s s 0 
S i n c e c o s t s a f f e c t a l l o c a t i o n i n p r o p o r t i o n t o t h e s q u a r e r o o t of 
t h e p e r u n i t c o s t w i t h i n each s t r a t u m , c o s t d i f f e r e n c e s be tween s t r a t a have 
l i t t l e i n f l u e n c e i n t h e a l l o c a t i o n u n l e s s t h e y a r e a s much a s a f a c t o r of 
t h r e e o r f o u r 0 In o t h e r w o r d s , t h i s method of a l l o c a t i o n i s n o t v e r y 
s e n s i t i v e t o s m a l l d i f f e r e n c e s i n c o s t 0 
I t i s n e t o f t e n t h a t t h e c o s t s of s amp l ing be tween s t r a t a i n 
s t r a t i f i e d work s a m p l i n g w i l l be d i f f e r e n t a t a l l , t o s a y n o t h i n g of 
b e i n g of t h e magn i tude n e c e s s a r y f o r s i g n i f i c a n c e „ I t c o s t s e s s e n t i a l l y 
t h e same t o make an o b s e r v a t i o n on any d a y , on any i n d i v i d u a l , mach ine , 
e t c 0 In such c a s e s , a l l o c a t i o n a s a f u n c t i o n of s a m p l i n g c o s t s w i t h i n 
s t r a t a d e e s n o t y i e l d s i g n i f i c a n t g a i n s o v e r p r o p o r t i o n a l a l l o c a t i o n 0 
The f o r e g o i n g a n a l y s e s of a l l o c a t i o n t o s t r a t a a s f u n c t i o n s of 
sample s i z e and c o s t s a r e i n t e rms of a s i n g l e e s t i m a t o r „ T h a t i s s t h e 
b e s t method of a l l o c a t i o n was d e t e r m i n e d when a s i n g l e p a r a m e t e r was b e i n g 
e s t i m a t e d o In work s ampl ings i t i s u s u a l l y t h e c a s e t h a t e s t i m a t e s of 
t ime s p e n t i n s e v e r a l c a t e g o r i e s of t h e a c t i v i t y a r e d e s i r e d o I n t h a t 
c a s e 5 when t h e a l l o c a t i o n i s o p t i m i z e d w i t h r e s p e c t t o e a c h o f t h e e s t i ­
m a t o r s ? t h e a l l o c a t i o n s w i l l be i n c o n f l i c t . Hence, i f one i s i n t e r e s t e d 
9A 
i n m o r e t h a n one e s t i m a t o r , some compromise among t h e optimum a l l o c a t i o n s 
must be reached» I t was n o t e d e a r l i e r i n compar ing minimum v a r i a n c e a l l o ­
c a t i o n w i t h p r o p o r t i o n a l a l l o c a t i o n t h a t t h e r e l a t i v e p r e c i s i o n i s c l o s e 
to o n e . even when t h e P r s a r e d r a s t i c a l l y d i f f e r e n t . In t h e l i g h t of 
h 
•ohis f a c t , and the c o n f l i c t i n g o p t i m i z a t i o n s when s e v e r a l e s t i m a t e s a r e 
d e s i r e d * i t a p p e a r s t h a t p r o p o r t i o n a l a l l o c a t i o n w i l l be t h e b e s t com­
p r o m i s e „ The a d m i n i s t r a t i v e a d v a n t a g e s of p r o p o r t i o n a l a l l o c a t i o n c i t e d 
e a r l i e r add to t h e d e s i r a b i l i t y of t h i s c h o i c e . The e s t i m a t o r s and t h e i r 
v a r i a n c e s f o r p r o p o r t i o n a l a l l o c a t i o n were s t a t e d i n an e a r l i e r s e c t i o n . 
A V a r i a n c e Comparison of P r o p o r t i o n a l S t r a t i f i e d Random Work Sampl ing and 
S i m p l e Random Work S a m p l i n g 
I t was s t a t e d e a r l i e r t h a t t h e g a i n s made i n r e d u c i n g t h e v a r i ­
ance of an e s t i m a t o r by u s i n g s t r a t i f i c a t i o n i s a f u n c t i o n of how d i f f e r ­
e n t t h e s t r a t a a r e made. Th i s i s r e f l e c t e d i n a s t a t e m e n t made e a r l i e r 
i n t h i s c h a p t e r t h a t t h e t o t a l v a r i a n c e i n t h e u n i v e r s e c o u l d b e , and i s , 
d i v i d e d i n t o two components i n t h e s t r a t i f i c a t i o n p r o c e s s , v i z . , t h e 
v a r i a n c e be tween s t r a t a and t h e v a r i a n c e w i t h i n s t r a t a . The magn i tude of 
t h e s e components of v a r i a n c e w i l l now be i n v e s t i g a t e d i n o r d e r t o i n d i ­
c a t e q u a n t i t a t i v e l y t h e g a i n s i n v a r i a n c e r e d u c t i o n when s t r a t i f i c a t i o n 
i s u s e d i n l i e u of s i m p l e random s a m p l i n g . The compar i son w i l l be be tween 
p r o p o r t i o n a l s t r a t i f i e d random work s a m p l i n g and s i m p l e random work 
sampl ingo 
The v a r i a n c e of an e s t i m a t o r , p , from a s i m p l e random work 
sample of s i z e n i s PQ/n ( e q u a t i o n 1 9 ) , whereas t h e v a r i a n c e of t h e 
e s t i m a t o r from a p r o p o r t i o n a l l y a l l o c a t e d s t r a t i f i e d random work sample 
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i s / f P Q , / n ( e q u a t i o n 54)° Using s t a n d a r d a n a l y s i s of v a r i a n c e i—i h h n 
h=I. 
n o t a t i o n >, t h e v a r i a n c e o f p^. from t h e s i m p l e random sample may be 
w r i t t e n i n t e rms of t h e s t r a t i f i e d p o p u l a t i o n a s 
T \ _ 2 
m = J J ( x h i - x ) , o r ( 6 8 ) 
n LJ Li n(,N - l ) 
h = l i = l 
N. 
i 
- 4 2 (N- l )PQ = ^ ^ ( X h . - X) 
b--l 1--1 
Us ing t n e a l g e b r a i c i d e n t i t y (X = Rx . - I ) • ( r - X ) ] 2 , 
h i i- h i h h - J 
I n wh ich t h e c r o s s p r o d u c t t e r m on t h e r i g h t v a n i s h e s , t h e r i g h t s i d e 
of e q u a t i o n (68) may f u r t h e r be w r i t t e n a s t h e sum of t h e w i t h i n s t r a t a and 
be tween s t r a t a sums of s q u a r e s , a s f o l l o w s : 
L N h L 
(N-l )PQ ,- Y X ( X h i " V 2 + X N h ^ h " ( 6 9 ) 
h = l 1=1 h = l 
IJ J-J s 2 
h h 
h = l h = l 
The t e r m s N - l and N "-1 may be r e p l a c e d by N and N^ r e s p e c t i v e l y , 
s i n c e we a r e d e a l i n g w i t h i n f i n i t e p o p u l a t i o n s , and d i v i s i o n b y nN 
y i e l d s 
^ ::: - Y f P Q + ~ Y f (X - X) 2 , (70) 
n n ^ h h h n ^ h h 
h = l b = i 
96 
wh ich shows t h a t 
L 
9 / P [ s t r a t i f i e d [ i V"1 „ — . 2 , _N 
c 2 (random) =• 0 * p r o p o r t l o n a l + ± ) f h ( X h - X) . (71) 
p x *X ^ } h = l 
The l a s t t e rm i n t h i s e x p r e s s i o n I s a measure of t h e r e d u c t i o n 
i n t h e v a r i a n c e of t h e e s t i m a t o r when s i m p l e random s a m p l i n g i s r e p l a c e d 
by p r o p o r t i o n a l s t r a t i f i e d s a m p l i n g 0 The t e r m may be w r i t t e n i n t e r m s 
of t h e P ^ ' s a s f o l l o w s ; 
L 
R e d u c t i o n i n v a r i a n c e - ^ ^ f n ^ P h ~ P ^ ' ^ 2 ' ' 
I t now becomes c l e a r t h a t t h e g r e a t e r t h e d i f f e r e n c e s i n t h e ^^s» t h e 
g r e a t e r t h e g a i n from s t r a t i f i c a t i o n „ In c a s e a l l t h e P ' s a r e i d e n -
h 
t i c a l , t h e t e r m v a n i s h e s and s t r a t i f i c a t i o n i s e q u i v a l e n t t o s i m p l e 
random sampling, , 
An I l l u s t r a t i o n of S t r a t i f i e d Random Work Sampl ing 
To i l l u s t r a t e p r o p o r t i o n a l s t r a t i f i e d random work sampl ing, , t h e 
a c t i v i t y i n Appendix A w i l l a g a i n be c o n s i d e r e d . The f a c t o r s which a r e 
mos t e v i d e n t f o r p u r p o s e s of s t r a t i f i c a t i o n a r e t h o s e of t i m e and s u b ­
j e c t s o Depending on t h e n a t u r e of t h e a c t i v i t y , a s i n g l e f a c t o r w i l l 
g e n e r a l l y be most d e s i r a b l e f o r t h e p u r p o s e of s t r a t i f i c a t i o n . One 
m i g h t c o n s i d e r s t r a t i f i c a t i o n by i n d i v i d u a l s i n t h e c a s e of t h e a c t i v i t y 
i n Appendix Ac In t h i s c a s e , t h e r e would be f o u r s t r a t a , e ach c o n s i s t ­
i n g of o n e - f o u r t h of t h e t o t a l p o p u l a t i o n . Or t h e r e m i g h t be r e a s o n t o 
b e l i e v e t h a t v a r i a t i o n s from one t i m e p e r i o d t o a n o t h e r a r e more 
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s i g n i f i c a n t t h a n v a r i a t i o n s among i n d i v i d u a l s , and s t r a t i f i c a t i o n o v e r 
t i m e would be b e t t e r . I n o r d e r t o i l l u s t r a t e t h e p r i n c i p l e s of s t r a t i ­
f i e d random work s a m p l i n g , t h e a c t i v i t y w i l l be s t r a t i f i e d by d a y s , 
r e s u l t i n g i n t e n s t r a t a of e q u a l s i z e . 
T h i s i l l u s t r a t i o n w i l l be c o n c e r n e d w i t h d e s i g n i n g a s t r a t i f i e d 
sample t o y i e l d e s t i m a t e s which a r e w i t h i n a s t a t e d r a n g e of t h e t r u e 
v a l u e s a t a d e s i r e d l e v e l of c o n f i d e n c e . In o r d e r t o make a compar i son 
w i t h s i m p l e random work s a m p l i n g , t h e same p r e c i s i o n t h a t was used i n 
t h e i l l u s t r a t i o n i n C h a p t e r I I I w i l l be c h o s e n . The p r e c i s i o n t h e r e was 
t h a t t h e e s t i m a t e s be w i t h i n 10 p e r c e n t of t h e t r u e v a l u e s w i t h a c o n ­
f i d e n c e o f 95 p e r c e n t . There i s need t o e s t i m a t e t h e P ^ ' s f o r e a c h 
of t h e t e n s t r a t a i n o r d e r t o c a l c u l a t e t h e o v e r a l l sample s i z e , n . In 
t h i s t h e o r e t i c a l s t u d y , t h e a c t u a l v a l u e s a s g i v e n i n T a b l e 2 w i l l be 
u s e d . Us ing e q u a t i o n ( 5 8 ) , which assumes p r o p o r t i o n a l s a m p l i n g , t h e 
v a l u e s of n , , n ? , and n a r e c a l c u l a t e d and a r e as f o l l o w s : 
n = 1464 (73) 
n 2 - 544 
n 3 - 161 . 
The sample s i z e s f o r s i m p l e random work s a m p l i n g were 
n1 = 1944 
n 2 = 1111 
n 3 = 280 . 
The l a t t e r sample s i z e s r e p r e s e n t 3 2 . 8 , 1 0 4 . 2 , and 7 3 . 9 p e r c e n t more 
s a m p l i n g t h a n t h o s e f o r s t r a t i f i e d random s a m p l i n g w i t h p r o p o r t i o n a l 
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Tab le 2 . D a l l y P „ } s f o r t h e A c t i v i t y i n Appendix A 




o05 . 0 8 . 87 
2 . 0 8 . 1 2 .80 
3 o70 . 2 0 . 10 
4 olO .05 .85 
5 . 0 2 .85 .13 
6 . 2 0 . 0 6 . 74 
7 .15 . 1 4 . 7 1 
8 . 1 2 .10 0 7 8 
9 . 06 . 90 o 0 4 
10 o l 8 o07 o75 
a l l o c a t i o n . I t s h o u l d be n o t e d t h a t t h e s t r a t u m d i f f e r e n c e s i n t h e 
P ^ ! s r e p r e s e n t e d In T a b l e 2 may n o t be t y p i c a l of i n d u s t r i a l a p p l i c a ­
t i o n s , s i n c e t h e y were chosen such t h a t t h e I l l u s t r a t i o n would be s i g ­
n i f i c a n t . As a l r e a d y s t a t e d , t h e t h e o r e t i c a l g a i n from s t r a t i f i c a t i o n 
d e p e n d s upon t h e a b i l i t y of t h e p r a c t i t i o n e r t o f o r m u l a t e homogeneous 
s t r a t a w i t h s i g n i f i c a n t d i f f e r e n c e s be tween them, and t h e g a i n depends 
e n t i r e l y on t h i s f a c t . However, a d m i n i s t r a t i v e g a i n s may be r e a l i z e d 
even though t h e e r r o r v a r i a n c e r e d u c t i o n due t o s t r a t i f i c a t i o n i s n o t 
h i g h l y s i g n i f i c a n t . 
As i n t h e c a s e of s i m p l e random work s a m p l i n g , a compromise 
among t h e v a l u e s of :n_. f o r t h e v a r i o u s e l e m e n t s u n d e r s t u d y must be 
made. We choose t h e sample s i z e c o r r e s p o n d i n g t o P i n C h a p t e r I I I , 
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h e n c e I t w i l l be chosen h e r e (n - 1464) and t h e h i g h e r l e v e l s of p r e c i ­
s i o n w i l l be s t a t e d f o r the e s t i m a t e s o f P and P„ which t h i s sample 
p r o v i d e s o I n s t e a d of R - 0 „ 1 0 , t h e s e l e v e l s of p r e c i s i o n w i l l be 
R_ -•- 0 o Q 6 i and R - Q o 033° These a r e c a l c u l a t e d by s o l v i n g e q u a t i o n 2 3 
(58) f o r R, u s i n g n 1464. 
The p r o c e d u r e f o r c o l l e c t i n g t h e sample and a n a l y z i n g t he 
d a t a f o r t h e s t r a t i f i e d sample i s a s f o l l o w s ? 
1 0 S i n c e p r o p o r t i o n a l a l l o c a t i o n i s made i n e a c h s t r a t u m , 
1 4 6 4 / 1 0 14-6 random o b s e r v a t i o n s a r e d e s i g n a t e d t o each s t r a t u m (day) 
by t h e u s e of random numbers u s i n g t h e same p r o c e d u r e s e t f o r t h i n t h e 
c a s e of s i m p l e random work sampl ing„ 
2n A f t e r t h e d a t a a r e c o l l e c t e d , e q u a t i o n s (49) and (57) a r e 
u s e d to c a l c u l a t e t h e e s t i m a t e s p ^ , p ^ , and p ^ and t h e i r v a r i a n c e s . 
3o C o n f i d e n c e i n t e r v a l e s t i m a t e s a r e made f o r t h e P ' s a s 
i 
d i s c u s s e d p r e v i o u s l y „ 
F i g u r e 6 shows t h e r e s u l t s of 200 s t r a t i f i e d random samples 
of I 4 6 4 each from t h e a c t i v i t y i n Appendix AB The c l o s e a g r e e m e n t c f 
t h e e m p i r i c a l d a t a w i t h the t h e o r e t i c a l p r e d i c t i o n s i s I n d i c a t e d a l o n g ­
s i d e e a c h d i s t r i b u t i o n , where t h e a c t u a l p a r a m e t e r s and t h e t r u e v a r i ­
a n c e s of t h e e s t i m a t o r s a r e compared w i t h t h e e s t i m a t e d v a l u e s . The 
g a i n i n t h e p r e c i s i o n of t h e e s t i m a t o r s from s t r a t i f i e d random work 
s a m p l i n g i s a p p a r e n t s i n c e t h e s t r a t i f i e d e s t i m a t o r f o r P^ h a s t h e 
same v a r i a n c e a s t h e s i m p l e random e s t i m a t o r b u t w i t h a sample of 1464 
a s compared to 1944 , and t h e v a r i a n c e s of t h e e s t i m a t o r s f o r P^ and 
P^ a r e l e s s u s i n g s t r a t i f i e d s a m p l i n g , even though t h e s m a l l e r sample 
s i z e i s employed. 
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C o s t F a c t o r s i n S t r a t i f i e d Random Work Sampl ing 
The major components of work s a m p l i n g c o s t s which were l i s t e d 
i n C h a p t e r I I I a r e a p p l i c a b l e r e g a r d l e s s of t h e method of s a m p l i n g u s e d . 
The d i s c u s s i o n on a l l o c a t i o n r e v e a l e d t h a t t h e n a t u r e of c o s t d i f f e r e n c e s 
b e t w e e n s i m p l e random s a m p l i n g and s t r a t i f i e d random s a m p l i n g i s u s u a l l y 
w i t h r e g a r d t o t h e a c t u a l c o l l e c t i o n of t h e s a m p l e , i „ e 0 , s a m p l i n g c o s t s . 
The components of c o s t l i s t e d f o r s i m p l e random work s a m p l i n g were 
(1) F i x e d c o s t s 
(2) Sampl ing c o s t s 
(3) L o s s e s due t o e r r o r . 
The f i x e d c o s t s and l o s s e s due t o a s t a t e d e r r o r a r e n o t s u s c e p t i b l e t o 
c h a n g e s due t o d i f f e r e n t s amp l ing p r o c e d u r e s . The t o t a l s a m p l i n g c o s t s 
f o r s i m p l e random work s a m p l i n g were nC , where n i s t h e t o t a l num~ 
s 
b e r of u n i t s i n t h e s a m p l e , and C i s t h e c o s t of a s i n g l e u n i t b e i n g 
s 
i n c l u d e d i n t h e s a m p l e . In s t r a t i f i e d s a m p l i n g , t h e s a m p l i n g c o s t s a r e 
r e p r e s e n t e d by t h e sum of t h e c o s t s i n t h e v a r i o u s s t r a t a , i . e . , 
L 
n c , vfhere n i s t h e sample s i z e and c i s t h e u n i t c o s t of 
h h ' h ^ h 
h--l 
s a m p l i n g i n t h e h t h s t r a t u m . 
As r e v e a l e d i n t h e d i s c u s s i o n on a l l o c a t i o n , s a m p l i n g c o s t s i n 
s t r a t i f i e d random work s a m p l i n g a r e n o t l i k e l y t o be d i f f e r e n t from t h o s e 
i n s i m p l e random work s a m p l i n g when c o n s i d e r e d on a p e r u n i t b a s i s . The 
s t r a t a which a r e f o r m u l a t e d i n work s a m p l i n g ( d a y s , i n d i v i d u a l w o r k e r s , 
o r d e r s , e t c . ) do n o t t e n d t o be d i f f e r e n t i n t e rms of t h e c o s t of d r a w i n g 
a u n i t i n t o t h e s a m p l e . However, I f t h e s e c o s t s s h o u l d be s i g n i f i c a n t l y 
d i f f e r e n t , t h e y a r e e a s i l y r e f l e c t e d i n t h e c o s t model w i t h t h e e x p r e s s i o n 
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f o r t o t a l s a m p l i n g c o s t s g i v e n a b o v e . 
There i s a p o s s i b i l i t y f o r i n c r e a s e d c o s t s i n s t r a t i f i e d random 
work s a m p l i n g e v e r s i m p l e random work s a m p l i n g i n t h e sample d e s i g n 
and d a t a a n a l y s i s s t a g e s . In d e t e r m i n i n g t h e s t r a t i f i c a t i o n t o be u s e d , 
and t h e t o t a l sample s i z e as w e l l a s i t s a l l o c a t i o n t o t h e s t r a t a , t h e 
demands on t h e p r a c t i t i o n e r ' s t ime a r e somewhat g r e a t e r t h a n i n t h e c a s e of 
t h e s i m i l a r a c t i o n s i n s i m p l e random work s a m p l i n g . I t I s a l s o o b v i o u s 
t h a t a minor I n c r e a s e i n t a b u l a t i o n c o s t s may o c c u r w i t h s t r a t i f i e d 
s a m p l i n g p l a n s due t o t h e c a l c u l a t i o n s which must be made w i t h i n each 
s t r a t u m . The m a g n i t u d e of t h e s e i n c r e a s e d c o s t s i s n o t r e a d i l y c a l c u l a ­
b l e , however , and t h e r e i s l i t t l e j u s t i f i c a t i o n f o r a s s u m i n g t h a t t h e y 
w i l l be h i g h l y s i g n i f i c a n t . Th i s i s e s p e c i a l l y t r u e w i t h p r o p o r t i o n a l 
a l l o c a t i o n s i n c e t h i s method of a l l o c a t i o n does n o t i n t r o d u c e any c o m p l i ­
c a t e d c o m p u t a t i o n a l p r o c e d u r e s . 
To o f f s e t t h e f o r e g o i n g t e n d e n c i e s f o r i n c r e a s e d a d m i n i s t r a t i v e 
c o s t s i n s t r a t i f i e d work s amp l ing s t u d i e s o v e r s i m p l e random s t u d i e s , t h e r e 
a r e a d m i n i s t r a t i v e g a i n s t o be e x p e c t e d from s t r a t i f i c a t i o n . In e f f o r t s 
t o s t a b i l i z e t h e demands cn t h e d a t a c o l l e c t o r ' s t i m e , work • s amp l ing 
p r a c t i t i o n e r s commonly d i v i d e t h e t o t a l sample i n s i m p l e random work 
s a m p l i n g s t u d i e s o v e r t h e p e r i o d of t h e s t u d y such t h a t t h e d a t a c o l l e c ­
t o r makes a b o u t t h e same number of o b s e r v a t i o n s on t h e a c t i v i t y each d a y . 
O t h e r o b j e c t i v e s f o r t h i s p r a c t i c e i n c l u d e t h e d e s i r e t o have t h e d a t a 
s e g r e g a t e d by d a y , w o r k e r , e t c . , i n o r d e r t o o b s e r v e d i f f e r e n c e s I n c e r ­
t a i n c h a r a c t e r i s t i c s of the a c t i v i t y from day t c day o r from worke r t o 
w o r k e r . Aga in , t h e m o n e t a r y b e n e f i t s from such g a i n s a r e n o t e a s i l y 
d e t e r m i n e d . I t a p p e a r s t h a t t h e f o r e g o i n g a d m i n i s t r a t i v e a s p e c t s of 
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c o s t s a r e of such a n a t u r e as t o be o f f s e t t i n g , , Such an a s s u m p t i o n w i l l 
be made i n t h e d e v e l o p m e n t of a c o s t model f o r s t r a t i f i e d random work 
s a m p l i n g . 
D e s i g n i n g a S t r a t i f i e d Random Work Sample t o Minimize C o s t s o r t o Achieve 
a S t a t e d T o t a l C o s t 
The d e t e r m i n a t i o n of an o p t i m a l sample s i z e b a s e d on m i n i m i z i n g 
t h e o v e r a l l c o s t s when s t r a t i f i e d random work s a m p l i n g i s employed 
f o l l o w s t h e same a p p r o a c h used i n t h e c a s e of s i m p l e random work sam­
p l i n g . In t h e l a t t e r c a s e , when t h e " l o s s due t o e r r o r " f u n c t i o n of 
l ( e ) ce was u s e d , i t was found t h a t E [1(e)] - cPQ/n . T h i s l o s s 
f u n c t i o n y i e l d s an e x p e c t e d " l o s s due t o e r r o r " which I s s i m p l y a c o n ­
s t a n t t i m e s the v a r i a n c e of t h e e s t i m a t o r . In t h e c a s e of s t r a t i f i e d 
random work s a m p l i n g w i t h p r o p o r t i o n a l a l l o c a t i o n , t h i s v a r i a n c e i s 
g i v e n by e q u a t i o n {5A-) and i s 
L 
a2 - - / f P O . 
P n /_, h ti h 
h - i 
The " l o s s due t o e r r o r , " E f l f e ) ] ^ I s t h e r e f o r e 
L 
n I W h 
h = l 
f o r s t r a t i f i e d random work s a m p l i n g . With t h e c o s t s of s a m p l i n g I n 
each s t r a t u m t h e same p t h e t o t a l c o s t e q u a t i o n f o r s t r a t i f i e d random 
work s a m p l i n g may be e x p r e s s e d a s f o l l o w s : 
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T o t a l C o s t - C, + ) n c + C (74) 
1 4_i h h e 
h - 1 
C + nC + - > f P Q 
1 s n [__> h h h 
The a d m i n i s t r a t i v e g a i n s and l o s s e s a r e c o n s i d e r e d t o be o f f s e t t i n g i n 
t h i s e x p r e s s i o n o 
Hence , when t h e c r i t e r i o n f o r e f f i c i e n t d e s i g n i s t h a t t o t a l 
c o s t s s h a l l be m i n i m i z e d , t h e above e q u a t i o n f o r t o t a l c o s t s i s m i n i ­
mized and s o l v e d f o r n a s f o l l o w s : 
L 
^ = ° a " 7 f v A Q - = 0 ( 7 : 0 on s n 2 l_j h h h 
h - 1 
1/2 
n = ^ ~ Y f * p A 
C L-i h h h | 
s h = l 
As i n t h e c a s e of d e s i g n i n g t h e sample t o y i e l d a s t a t e d p r e c i s i o n , t h e 
u s e of t h i s p r o c e d u r e w i l l r e q u i r e e s t i m a t e s of t h e v a r i o u s p a r a m e t e r s 
I n v o l v e d p r i o r t o t h e s tudy„ 
I f a s t a t e d c o s t , C, i s d e s i g n a t e d f o r the s t u d y , t h e sample 
s i z e I s d e t e r m i n e d b y m e r e l y s o l v i n g t h e f o r e g o i n g t o t a l c o s t e q u a t i o n 
f o r n 0 The r e s u l t i s 
(C-C. ) ± ( ( C - C / - 4 C s c £ W ] 






The v a l u e of n d e r i v e d i n e i t h e r of t h e s e c a s e s may be u s e d i n e q u a t i o n 
(58 ) t o d e t e r m i n e t h e l e v e l of p r e c i s i o n which w i l l be a t t a i n e d f o r t h i s 
f i x e d c o s t . L i k e w i s e , t h e t o t a l c o s t of a s t u d y which p r o v i d e s a s t a t e d 
p r e c i s i o n may be d e t e r m i n e d by s u b s t i t u t i n g t h e v a l u e of n c a l c u l a t e d 
from e q u a t i o n (58) i n t o t h e t o t a l c o s t e q u a t i o n above . The n e c e s s i t y of 
compromise be tween t h e two f a c t o r s t J v a r i a n c e and c o s t , w i l l be c o n s i d e r e d 
i n t h e n e x t s e c t i o n . 
S e l e c t i o n of Sample S i z e C o n s i d e r i n g b o t h P r e c i s i o n and C o s t 
E q u a t i o n (75) may be u s e d t o d e t e r m i n e t h e o p t i m a l sample s i z e s 
f o r p r o v i d i n g a minimum c o s t e s t i m a t e of each of t h e p a r a m e t e r s b e i n g 
e s t i m a t e d . Under t h e a s s u m p t i o n s made i n C h a p t e r I I I , v i z . , t h a t 
7 
c/C - 2 x 10 , t h e s e sample s i z e s a r e 
s 
n = 1440 (77) 
n 2 •= I 3 6 8 
n,. = 1673 . 
These a r e t o be compared w i t h t h e s a m p l e ' s i z e s which w i l l y i e l d e s t i ­
m a t o r s w i t h a d e s i r e d v a r i a n c e . These were 
n-̂  - 14,64 
n^ ~ 544 
n 3 = 161 . 
A s i n g l e v a l u e must be chosen f o r t h e sample s i z e and w i l l 
r e f l e c t t h e d e c i s i o n - m a k e r ' s c h o i c e of which e l e m e n t ( s ) a r e most 
i m p o r t a n t and w h e t h e r d e s i r e d v a r i a n c e o r minimum c o s t i s most i m p o r t ­
a n t . Th i s must n e c e s s a r i l y be a j u d g m e n t a l d e c i s i o n , b u t can be made 
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more r a t i o n a l l y by knowing t h e c o n s e q u e n c e s of t h e a l t e r n a t i v e s p r o v i d e d 
by t h e f o r e g o i n g a n a l y s i s . 
L i m i t a t i o n s and R a m i f i c a t i o n s of S t r a t i f i e d Random Work S a m p l i n g 
As a l r e a d y i n d i c a t e d , i f i n f o r m a t i o n i s n o t a v a i l a b l e a b o u t t h e 
p o p u l a t i o n f o r u s e In s t r a t i f i c a t i o n , t h e c o s t s of o b t a i n i n g such i n ­
f o r m a t i o n c c u i d p o s s i b l y be more t h a n t h e g a i n s o v e r s i m p l e random work 
s a m p l i n g . Whi le t h i s i s se ldom b e l i e v e d t o be a p r o b l e m , i f p r e s e n t , i t 
wouid p r e c l u d e s t r a t i f y i n g t h e p o p u l a t i o n . When p i l o t s amp le s a r e needed 
f o r e s t i m a t i n g t h e P o ! s i n o r d e r t o be a b l e t o e s t i m a t e sample s i z e s , 
knowledge f o r s t r a t i f i c a t i o n may a l s o be g a i n e d a t l i t t l e o r no a d d i ­
t i o n a l c o s t . 
S i n c e s i m p l e random s a m p l i n g i s u s e d w i t h i n each s t r a t u m , t h e 
l i m i t a t i o n s of s i m p l e random s a m p l i n g from C h a p t e r I I I a p p l y t o each 
s t r a t u m . A l s o , u n l e s s t h e r e a r e s i g n i f i c a n t d i f f e r e n c e s among t h e 
s t r a t a , t h e g a i n s from s t r a t i f i c a t i o n a r e e x p e c t e d t o be s m a l l . I f 
s t r a t i f i c a t i o n i s a l r e a d y b e i n g c a r r i e d o u t , however , t h e g a i n s from 
I t s u s e may a s w e l l be c a p t u r e d by u s i n g s t r a t i f i e d e s t i m a t o r s r a t h e r ', 
I 
t h a n s i m p l e random e s t i m a t o r s . The g a i n s w i l l u s u a l l y be p o s i t i v e , ; 
t h o u g h p e r h a p s s m a l l i n such c a s e s . 
As p o i n t e d o u t i n t h e s e c t i o n on a l l o c a t i o n , when s e v e r a l v a r i ­
a b l e s a r e u n d e r s t u d y from t h e same s a m p l e , optimum a l l o c a t i o n i s n o t 
p o s s i b l e f o r a l l t h e e s t i m a t o r s . The re i s no comprehens ive t h e o r y 
a v a i l a b l e f o r making a l l o c a t i o n s i n t h i s c a s e , and i n work s a m p l i n g , 
p r o p o r t i o n a l a l l o c a t i o n a p p e a r s t o g i v e a p r o c e d u r e c o m p a t i b l e w i t h 
t h e v a r i o u s o b j e c t i v e s of such a s t u d y . 
S t r a t i f i c a t i o n w i l l g e n e r a l l y o f f e r a g a i n i n work sampl ing 
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s t u d i e s due t o t h e f a c t t h a t i t can be i n t r o d u c e d a t no a d d i t i o n a l c o s t . 
The re a r e c e r t a i n o t h e r p o p u l a t i o n c h a r a c t e r i s t i c s t o c o n s i d e r i n 
d e s i g n i n g a work s a m p l i n g s t u d y . These w i l l be c o n s i d e r e d i n l a t e r 
c h a p t e r s . 
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CHAPTER V 
CLUSTER WORK SAMPLING 
The Scope of t h i s C h a p t e r 
In t h e models f o r s imp le random and s t r a t i f i e d random work 
s a m p l i n g , t h e o b s e r v a t i o n s made on t h e a c t i v i t y c o n s i s t e d of s i n g l e 
d e t e r m i n a t i o n s of t h e s t a t e of t h e a c t i v i t y a t random p o i n t s i n t lme„ 
Such o b s e r v a t i o n s a r e made of an i n d i v i d u a l w o r k e r , m a c h i n e , o r some o t h e r 
u n i l a t e r a l c l a s s i f i c a t i o n of t h e a c t i v i t y » In a c c o m p l i s h i n g t h e t h i r d 
s p e c i f i c o b j e c t i v e s t a t e d i n C h a p t e r I , t h i s c h a p t e r c o n s i d e r s a model 
f o r work, s ampl ing w h e r e i n i t i s a d v a n t a g e o u s t o o b s e r v e a m u l t i l a t e r a l 
c l a s s i f i c a t i o n of a c t i v i t i e s such a s two o r more men, m a c h i n e s , e t c 0 > 
engaged s i m u l t a n e o u s l y , , The o b j e c t i v e of t h i s model i s t h e same a s 
f o r t h e p r e v i o u s o n e s — t o p r o v i d e a d e s i r e d amount of i n f o r m a t i o n f o r 
a minimum e x p e n d i t u r e of r e s o u r c e s . The measu re s s o u g h t a r e e s t i m a t e s of 
t h e p r o p o r t i o n s of t i m e which t h e a g g r e g a t e of s u b j e c t s spend i n p r e ­
d e t e r m i n e d s t a t e s of t h e a c t i v i t y . The s a m p l i n g p r o c e d u r e I s d e v e l o p e d 
f o r a n a l y s e s where g r o u p s of c o n s t a n t a s w e l l a s v a r i a b l e s i z e s , c a l l e d 
c l u s t e r s , a r e o b s e r v e d f o r s i m p l e random a s w e l l a s f o r s t r a t i f i e d r a n ­
dom s a m p l i n g of t h e g r o u p s . Compar i sons of t h e e f f i c i e n c y of t h i s 
method of s a m p l i n g a r e made w i t h s i m p l e random s a m p l i n g b a s e d on t h e 
v a r i a n c e s of t h e e s t i m a t o r s a s w e l l a s on t o t a l o v e r a l l c o s t s of t h e 
s tudyo 
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The N a t u r e of C l u s t e r s i n Work Sampl ing 
I t h a s l o n g been s t a n d a r d p r a c t i c e (16) f o r work s a m p l i n g p r a c ­
t i t i o n e r s t o t a k e a d v a n t a g e of m u l t i p l e o b s e r v a t i o n s ( c l u s t e r s ) i n 
work s a m p l i n g . The p r a c t i c e commonly employed assumes t h a t o b s e r v a ­
t i o n s made i n c l u s t e r s a r e i n d e p e n d e n t . T h i s a s s u m p t i o n t h e n a l l o w s 
t h e a p p l i c a t i o n of a p p r o x i m a t e s i m p l e random work s a m p l i n g t h e o r y . 
As p o i n t e d o u t In t h e b r i e f s y n o p s i s of c l u s t e r s a m p l i n g i n C h a p t e r I , 
t h i s p r a c t i c e i s l i k e l y t o i n t r o d u c e g r o s s e r r o r s i n t o t h e e r r o r a n a l y ­
s i s . When a group of S w o r k e r s , m a c h i n e s , e t c . , i s o b s e r v e d , and S 
o b s e r v a t i o n s a r e made as t o t h e s t a t e of t h e a c t i v i t y each member of 
t h e g roup i s engaged i n , t h e p r e c i s i o n of t h e e s t i m a t o r s from such 
s a m p l e s i s s t r o n g l y d e p e n d e n t upon t h e n a t u r e of t h e i n t e r d e p e n d e n c i e s 
i n t h e g r o u p . I f t h e i n d i v i d u a l a c t i v i t i e s a r e even s l i g h t l y c o r r e l a t e d , 
which i s o f t e n t h e c a s e i n human e n d e a v o r , t h e n t he v a r i a n c e of t h e 
e s t i m a t o r f o r P„ u s e d i n s imp le random and s t r a t i f i e d random work 1 
s a m p l i n g i s c o n s i d e r a b l y s m a l l e r t h a n t h e v a r i a n c e of t h e e s t i m a t o r i n 
c l u s t e r s a m p l i n g . 
There a r e numerous s i t u a t i o n s I n work s a m p l i n g i n which c l u s t e r 
s a m p l i n g w i l l a p p l y . A l a r g e c l a s s of t h e s e s i t u a t i o n s can be d e p i c t e d 
b y t h e h y p o t h e t i c a l a c t i v i t y i n Appendix A. I f a random t i m e o b s e r v a ­
t i o n i s made on one of t h e members of t h e group of f o u r w o r k e r s shown 
t h e r e , i t w i l l r e q u i r e l i t t l e a d d i t i o n a l e f f o r t t o a l s o make o b s e r v a ­
t i o n s on t h e o t h e r members of t h e g r o u p . However, s i n c e t h e a c t i v i t i e s 
of t h e f o u r w o r k e r s i n Appendix A a r e n o t i n d e p e n d e n t , s i m p l e random work 
s a m p l i n g t h e o r y does n o t a p p l y i n t h e a n a l y s i s of t h e r e s u l t s . A c t u a l 
s i t u a t i o n s such a s t h i s a r e n o t uncommon i n p r a c t i c e , and a sampl ing 
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model which would p r o p e r l y c o n s i d e r t h e i n t e r r e l a t i o n s h i p s of t h e group 
would p r o v i d e a r e a l i s t i c a n a l y s i s of work s a m p l i n g d a t a o b t a i n e d I n 
such c a s e s 0 Such a model would a l l o w t h e p r a c t i t i o n e r t o t a k e a d v a n ­
t a g e of t h e e x t r a i n f o r m a t i o n g a i n e d b y m u l t i p l e o b s e r v a t i o n s w i t h o u t 
t h e l i m i t a t i o n s which v i t i a t e t h e model now assumed 0 A d d i t i o n a l I n f o r m a ­
t i o n g a i n e d i n m u l t i p l e o b s e r v a t i o n s i s se ldom e q u i v a l e n t t o t a k i n g a 
s i m p l e random sample of t h e same s i z e , a l t h o u g h t h i s i s what i s f r e ­
q u e n t l y assumed„ 
S i m p l e C l u s t e r Work Sampl ing 
The p o p u l a t i o n s u b j e c t e d t o s a m p l i n g i n t h e c a s e of c l u s t e r i n g 
i s s t i l l t h e a g g r e g a t e t i m e I n t e r v a l which i n c l u d e s a l l of t h e s u b j e c t s 
engaged i n t h e a c t i v i t y „ The p o p u l a t i o n may s t i l l be r e g a r d e d as an 
a g g r e g a t e of U m i n u t e s , o r N i n s t a n t s , where each p o i n t i n t ime h a s 
a c l u s t e r of S i n s t a n t s a s s o c i a t e d w i t h i t . Whereas i n s t r a t i f i e d 
random work s a m p l i n g t h e e l e m e n t a r y u n i t s were g rouped i n homogeneous 
s t r a t a i n o r d e r t o r e d u c e t h e v a r i a n c e of t h e e s t i m a t o r , t h e e l e m e n t a r y 
u n i t s i n c l u s t e r work s a m p l i n g a r e o b s e r v e d i n c o n v e n i e n t g r o u p s f o r t h e 
p u r p o s e of r e d u c i n g t o t a l s a m p l i n g c o s t s . The c l u s t e r s of i n s t a n t s a t 
a p o i n t i n t ime a r e formed i n a n a t u r a l f a s h i o n by t h e S s u b j e c t s 
engaged i n t h e a c t i v i t y . The c l u s t e r s w i l l be r e f e r r e d t o a s p r i m a r y 
s a m p l i n g u n i t s ( p s u ) s i n c e t h e y w i l l be sampled a s g r o u p s and i n d i v i d u a l 
i n s t a n t s i n t h e c l u s t e r s I n c l u d e d i n t h e sample w i l l be c o m p l e t e l y enumer­
a t e d „ The c a s e of s a m p l i n g t h e i n s t a n t s i n t h e chosen c l u s t e r s , r a t h e r 
t h a n comple te e n u m e r a t i o n , i s c o n s i d e r e d i n t h e n e x t c h a p t e r a s a m u l t i ­
s t a g e s a m p l e . 
I l l 
I n s i m p l e c l u s t e r work s a m p l i n g , t h e s a m p l i n g of t h e p s u ' s w i l l be 
by s i m p l e random s a m p l i n g and w i l l be s u b j e c t t o t h e f o l l o w i n g n o t a t i o n s 
N Number of e l e m e n t a r y u n i t s ( i n s t a n t s ) i n t h e p o p u l a t i o n . 
M - Number of p s u ' s ( c l u s t e r s ) i n t o which t h e p o p u l a t i o n i s 
n a t u r a l l y g r o u p e d . 
S^ - Number of e l e m e n t a r y u n i t s ( i n s t a n t s i n t h e I t h p s u ) , 
m - Number of p s u ! s I n c l u d e d i n t h e s ample , 
m 
n - ^ S^ - T o t a l number of e l e m e n t a r y u n i t s ( i n s t a n t s ) I n 
i ~ l 
t h e s a m p l e . 
As I n p r e v i o u s c h a p t e r s , t h e e l e m e n t s of t h e a c t i v i t y u n d e r s t u d y 
w i l l be d e s i g n a t e d by l e t t e r s such a s X, Y, and Z. These w i l l be 
z e r o - o n e v a r i a b l e s and X i s t h e v a l u e of t h e Xth c h a r a c t e r i s t i c 
a s s o c i a t e d w i t h t h e j t h member of t h e i t h psu„ Each p o i n t i n t ime 
w i l l have one s t a t e of t h e a c t i v i t y a s s o c i a t e d w i t h each member of t h e 
c l u s t e r a t t h a t p o i n t . T h e r e f o r e , one of t h e v a r i a b l e s w i l l t a k e on 
t h e v a l u e of one f o r e ach member of t h e c l u s t e r , and t h e r e m a i n i n g 
v a r i a b l e s w i l l t a k e on t h e v a l u e z e r o . S i n c e t h e e n t i r e c l u s t e r i s 
I n c l u d e d i n t h e s a m p l e , x , y ^ s and z„ „, t h e sample o b s e r v a t i o n s 
:ij ! J i j 
i n t h e i t h p s u P w i l l be e q u a l t o t h e p o p u l a t i o n v a l u e s , X , Y„ , 
i j 1 J 
and Z 
i j 
The f o l l o w i n g n o t a t i o n ^ I l l u s t r a t e d i n t e rms of t h e e l e m e n t X s 




X. = \ X. . = T o t a l number o f e l e m e n t a r y u n i t s i n t h e i t h 
j - l 
p s u which p o s s e s s e s c h a r a c t e r i s t i c X. 
M 
X - ^ X^ = T o t a l number of e l e m e n t a r y u n i t s i n t h e e n t i r e popu~ 
i = l 
l a t i o n which p o s s e s s e s t h e c h a r a c t e r i s t i c X. 
Average number of e l e m e n t a r y u n i t s p e r p s u p o s s e s s i n g 
c h a r a c t e r i s t i c X. 
X - x/N - P - P r o p o r t i o n of e l e m e n t a r y u n i t s i n t h e i t h p s u 
p o s s e s s i n g c h a r a c t e r i s t i c X. 
X s X../S.. = = P r o p o r t i o n of e l e m e n t a r y u n i t s i n t h e i t h p s u 
p o s s e s s i n g c h a r a c t e r i s t i c X. 
M 
x - ^ X^ = T o t a l number of e l e m e n t a r y u n i t s i n a sample of m 
i = l 
p s u ' s which p o s s e s s c h a r a c t e r i s t i c X. 
x = x / n - p - p r o p o r t i o n of e l e m e n t a r y u n i t s i n t h e sample 
p o s s e s s i n g c h a r a c t e r i s t i c X. 
E s t i m a t o r s i n S imple C l u s t e r Work Sampl ing 
The o b j e c t i v e i s t o e s t i m a t e P , t h e f r a c t i o n of t i m e t h e 
a c t i v i t y i s i n a g i v e n s t a t e . The main measure of e f f e c t i v e n e s s i n 
c l u s t e r work s a m p l i n g w i l l be t h e t o t a l c o s t of t h e s t u d y r a t h e r t h a n 
t h e v a r i a n c e of t h e e s t i m a t o r s i n c e t h e t o t a l S. u n i t s from a p s u 
l 
chosen a t random may be i n c l u d e d a t l i t t l e a d d i t i o n a l c o s t o v e r 
o b s e r v i n g a s i n g l e u n i t i n t h e p s u . I n o t h e r w o r d s , t h e t o t a l sample 
of n i n s t a n t s i s n o t an a d e q u a t e measu re of e f f i c i e n c y s i n c e some 
o b s e r v a t i o n s a r e o b t a i n e d a t l e s s c o s t t h a n o t h e r s . T h i s was n o t t h e 
c a s e i n t h e methods of s i m p l e random and s t r a t i f i e d random work s a m p l i n g 
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where t h e c o s t p e r o b s e r v a t i o n was a p p r o x i m a t e l y t h e same f o r b o t h 
m e t h o d s . I n t h e c a s e of s imp le random s e l e c t i o n of t h e m p s u l s from 
t h e t o t a l of M p s u ' s , t h e v a r i a n c e of t h e e s t i m a t o r from s i m p l e r a n ­
dom s a m p l i n g may be a p p l i e d a t t h e p s u l e v e l . The e s t i m a t o r when a l l 
p s u ' s a r e e q u a l I n s i z e i s 
m m S 
1-1 i - 1 j = l 
i n which S i s t h e u n i f o r m c l u s t e r s i z e . T h i s e s t i m a t o r i s a c o n s i s t e n t 
and u n b i a s e d e s t i m a t o r of P ( 3 1 3 Vol» I , p . 24-5). The a c t u a l v a r i a n c e 
of t h e e s t i m a t o r i s , a c c o r d i n g t o e q u a t i o n (18) i n C h a p t e r I I I , 
M , - x 2 
i vr (X.-X) 
r 2 ( 1 ) ( ! B S ) \ 1 , (79) 
r p v s 2 ^ M m ; /_, M-l 
i - 1 
where t h e t e rms a r e a s d e f i n e d p r e v i o u s l y . 
p 
The v a r i a n c e , cr , i s n o t known s i n c e I t I n c l u d e s unknown p o p ­
u l a t i o n p a r a m e t e r s which must be e s t i m a t e d from t h e s a m p l e . The v a r i ­
ance e s t i m a t e i s o b t a i n e d I n t h e same f a s h i o n as i n p r e v i o u s models by 
s u b s t i t u t i n g sample d a t a f o r t h e unknown u n i v e r s e v a l u e s , and i s 
m , —.2 
( x , - x ) 
S P 
2 _ ( 1 Y V i Y . (80) 
p " KS2'K Mm ; /__, m- l J 
1=1 
I n v iew of t h e f a c t t h a t t h e t o t a l number of c l u s t e r s , M, i s assumed 
M-m 
t o be I n f i n i t e i n work s a m p l i n g , t h e t e r m r e d u c e s t o u n i t y and t h e 
M 
v a r i a n c e e s t i m a t e becomes 
m 
s 2 = / i \ / _ l £ ( x „ - x ) 2 . (81) p 1 S2J \m{m-l) 
D e s i g n i n g a S imple C l u s t e r Work Sample f o r a S t a t e d L e v e l of P r e c i s i o n 
As n o t e d e a r l i e r , t h e c o s t of a d d i t i o n a l o b s e r v a t i o n s (more t h a n 
one ) w i t h i n a c l u s t e r i s u s u a l l y s m a l l i n work s amp l ing s i t u a t i o n s . Hence 
t h e t r e a t m e n t of c o s t s i n c l u s t e r work s a m p l i n g which i s made l a t e r w i l l 
be a b e t t e r measure of t h e e f f i c i e n c y of t h i s method of s a m p l i n g t h a n 
t h e v a r i a n c e of t h e e s t i m a t o r . However, i n o r d e r t o be a b l e t o make 
c o n f i d e n c e i n t e r v a l e s t i m a t e s o f t h e P . ' s , t h e v a r i a n c e of t h e e s t i -
i 
m a t o r i s s t i l l of i n t e r e s t . Th i s v a r i a n c e can a l s o be u s e d f o r d e t e r ­
m i n i n g t h e sample s i z e n e c e s s a r y f o r r e q u i r e d l e v e l s of p r e c i s i o n , t h e 
s u b j e c t of t h i s s e c t i o n . As b e f o r e , t h e n a t u r e of t h i s r e q u i r e m e n t 
w i l l be t h a t t h e e s t i m a t e be w i t h i n IOOR p e r c e n t of t h e t r u e v a l u e w i t h 
l-O. c o n f i d e n c e . Assuming t h a t p i s n o r m a l l y d i s t r i b u t e d , we w r i t e 
RP = K , a = K , / ( ^ ( - A f • < 8 2 ) a / 2 P a / 2 / M ; L 2 m ; /_, M-l 
^ / i - 1 
M-m 
S i n c e ~~~~~ i s a p p r o x i m a t e l y one i n work s a m p l i n g , t h e above e q u a t i o n 
can be s o l v e d f o r m, t h e number of c l u s t e r s r e q u i r e d f o r t h e s t a t e d 
p r e c i s i o n . Hence, 
M, 
K 2 Y ( X o - X ) 2 
a/9 i a / 2 
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As i n p r e v i o u s m o d e l s , t h i s e q u a t i o n c a n n o t be e v a l u a t e d as i t a p p e a r s 
above s i n c e i t i n c l u d e s unknown p a r a m e t e r s from t h e p o p u l a t i o n . How­
e v e r , e i t h e r h i s t o r i c a l d a t a o r a p r e l i m i n a r y sample of m' c l u s t e r s 
f 1 ( x . - x r r ( * . - x ) 
w i l l p r o v i d e an e s t i m a t e of t h e t e r m ) — ^ — — by u s i n g ) 
l_ i M—J. L i m ' - l 
1=1 1=1 
and an e s t i m a t e of P by 
m' i 
x 
pi = i = l .1=1 _ 
Sm' 
The a p p r o x i m a t e number of c l u s t e r s t o i n c l u d e i n t h e sample I s t h e n . 
- N 2 
" J 
m" 
a / 2 L i 
m = 1^1 . (84) 
( S R p ' ) 2 ( m ' - l ) 
I t s h o u l d be n o t e d t h a t 
M 
( x „ - x ) 2 
^ (p - P ) 2 
i=:l = \ { i } = 2 
S 2 ( M - 1 ) " L M " ! ~ C p i 
i - 1 
(85) 
i s t h e be tween c l u s t e r v a r i a n c e of t h e P 1 s and i s t h e o n l y c o n t r i b u -
i 
t i o n t o t h e s a m p l i n g e r r o r of t h e e s t i m a t o r , p , s i n c e c l u s t e r s chosen 
i n t h e sample a r e c o m p l e t e l y e n u m e r a t e d . Th i s be tween c l u s t e r v a r i a n c e 
m e a s u r e s t h e v a r i a b i l i t y i n t h e p r o p o r t i o n , P , from c l u s t e r t o c l u s -
i 
t e r of t he a c t i v i t y , and a l s o s e r v e s a s a measure of t h e i n t e r d e p e n d e n c e 
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among t h e members of t h e c l u s t e r s , t h e i n f l u e n c e of which i s i g n o r e d 
i f i n d e p e n d e n c e of t h e w i t h i n c l u s t e r o b s e r v a t i o n s i s a s sumed . 
When c l u s t e r s v a r y i n s i z e , such a s a team w h e r e i n some members 
spend p a r t of t h e i r t i m e d o i n g work n o t r e l a t e d t o t h e t eam, t h e v a r i ­
ance of t h e e s t i m a t o r s from t h e above s a m p l i n g scheme i s c o n s i d e r a b l y 





p = i = l ,1=1 m , (86) 
J& mS S 
S . 
l 
i = l 
whe re S i s t h e a v e r a g e s i z e of t h e m c l u s t e r s chosen i n t h e sample 
and x i s t h e a v e r a g e number of s u b j e c t s p e r c l u s t e r engaged i n a c t i v ­
i t y X. 
The d e n o m i n a t o r of t h i s e s t i m a t o r i s a random v a r i a b l e a s w e l l 
a s t h e n u m e r a t o r , and t h e e s t i m a t o r i s t h u s t h e r a t i o of two random 
v a r i a b l e s . S i n c e X^ i s t h e number of s u b j e c t s i n t h e i t h c l u s t e r 
engaged i n e l e m e n t X and S^ i s t h e number of s u b j e c t s i n t h e i t h 
c l u s t e r , i f a random sample of c l u s t e r s I s t a k e n , e q u a t i o n (86) y i e l d s 
an e s t i m a t e of P „ The v a r i a n c e of t h e e s t i m a t o r , p , i n e q u a t i o n 
X 
(86) i s a p p r o x i m a t e l y 
2 • C 2 , M - m / T X + T S " 2 p V X V s \ 
.Op = P < l f \ - )> W 
i n which 
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M 
( x . - x ) 2 
y 2 _ IX ^ 2=1 
X V 2 fr/t 1 ^ v-2 (M- l ) X' 
1 ^ S 2 
v 2 = _S = 
£ S 2 ( M - l ) S 2 
4 ( x . - x x s ^ s ) 
P = l x ( M - 1 } s x s s ' 
The e s t i m a t o r i s n o t unb iased , , b u t a c c o r d i n g t o Hansen , H u r w i t z , and 
Madow ( 3 1 , Volo I , p . 1 6 3 , p . 2 5 3 ) , t h e b i a s i s n e g l i g i b l e f o r m o d e r a t e 
sample s i z e s . Due to t h e magn i tude of sample s i z e s i n work s a m p l i n g , 
t h e b i a s p r e s e n t s no p r o b l e m and can s a f e l y be i g n o r e d . In a d d i t i o n , 
t h e a p p r o x i m a t i o n of t h e v a r i a n c e i s a p p l i c a b l e f o r a l l d i s t r i b u t i o n s 
of X„ a n d / o r S „, and i s c o n s i d e r e d t o be good i f t h e sample s i z e i s 
l a r g e enough t h a t ( 3 1 , Volo I , p . I 6 4 ) 
y 2 ^ (Mzmj ! s < 0 o 0 0 2 $ ^ 
S M m -
M-m 
S i n c e i s a p p r o x i m a t e l y one i n work s a m p l i n g , t h i s r e s t r i c t i o n on 
t h e v a r i a b i l i t y of S amounts t o s a y i n g t h a t 
^2 
S " S 
V^ = z § < Oo0025 m, o r S s ' < 0 o 0 5 S Vm . (88) 
F o r work s a m p l i n g s t u d i e s which g e n e r a l l y r e q u i r e a r e l a t i v e l y 
l a r g e number of o b s e r v a t i o n s on t h e g r o u p s , and f o r s m a l l g r o u p s of even 
4 o r 5 , t h i s r e s t r i c t i o n i s n o t c r i t i c a l , , Fo r example , i f m - 100 and 
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S = 5? t h e r e q u i r e m e n t i s t h a t t h e g roup s i z e n o t v a r y more t h a n a b o u t 
z e r o t o t w e l v e , a v a r i a t i o n n o t l i k e l y t o be w i t n e s s e d i n work s a m p l i n g 
s i t u a t i o n s „ 
p 
The e s t i m a t e of o f o r t h e r a t i o e s t i m a t o r i s o b t a i n e d from 
P 
t h e sample by s u b s t i t u t i n g sample c a l c u l a t i o n s f o r p o p u l a t i o n v a l u e s 
i n e q u a t i o n (87) a s f o l l o w s ( 3 1 , V o l . I , p . 1 7 6 ) : 
2 . J t S . 2 v x + 4 - 2 P ' V S , M . 
s - = M m ~ ~ ' ^ 8 9 ) 
i n which p i s o b t a i n e d by e q u a t i o n ( 7 3 ) , 
m 




i = l 
x / -, \ "~2 
( m - l ) x 
2 
m 
X ( s r ^ ) 2 
v q = — 5 — , and 
S (m- l ) S 2 
m 
^ ( x i - x ) ( S i - S ) 
i = l 
( m - l ) S S 
x S 
A c c o r d i n g t o s u r v e y s a m p l i n g t h e o r y ( 3 1 , V o l . I , p . 354)$ u n l e s s 
t h e c l u s t e r s i z e v a r i e s a p p r e c i a b l y , t h e e r r o r i n t r o d u c e d by u s i n g 
S - s i n t h e v a r i a n c e f o r m u l a s f o r c o n s t a n t c l u s t e r s i z e i s n o t a p p r e ­
c i a b l e . T h i s s u b s t i t u t i o n i n t o e q u a t i o n (78) y i e l d s t h e r a t i o e s t i ­
m a t o r i n e q u a t i o n (86)„ The a p p r o x i m a t i o n i s t h e r e f o r e w i t h r e s p e c t t o 
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t h e v a r i a n c e o n l y . There i s good r e a s o n t o b e l i e v e t h a t i n c l u s t e r work 
s a m p l i n g , t h e v a r i a t i o n i n c l u s t e r s i z e w i l l be r e l a t i v e l y s m a l l . Hence 
w i t h c o n s t a n t o r s l i g h t l y v a r i a b l e c l u s t e r s i z e s , e q u a t i o n s (?8) and (79) 
w i l l be a p p l i c a b l e . In c a s e t h e c l u s t e r s i z e s v a r y a p p r e c i a b l y , t h e 
r a t i o e s t i m a t o r s h o u l d be u s e d . The s u b s t i t u t i o n of a v e r a g e c l u s t e r 
s i z e f o r c o n s t a n t c l u s t e r s i z e i n e q u a t i o n s (79) t o (84) w i l l y i e l d t h e 
a p p r o x i m a t e method of a n a l y s i s f o r t h e v a r i a n c e of p and t h e number of 
c l u s t e r s t o i n c l u d e i n t h e sample f o r a d e s i r e d l e v e l of a c c u r a c y i n t h e 
r e s u l t s . T h i s c a s e w i l l be used i n t h e r e m a i n i n g s e c t i o n s of t h i s c h a p ­
t e r due t c i t s e x p e c t e d p r e v a l e n c e i n a c t u a l work s a m p l i n g p r a c t i c e . 
A V a r i a n c e Compar ison of S imple C l u s t e r Work Sampl ing and S i m p l e Random 
Work Sampl ing 
As a l r e a d y i n d i c a t e d , t h e t o t a l number of e l e m e n t a r y u n i t s i n ­
c l u d e d i n t h e sample f o r a s t a t e d l e v e l of p r e c i s i o n i s u s u a l l y g r e a t e r 
i n c l u s t e r work s a m p l i n g t h a n i n s i m p l e random work sampl ing„ To be 
s p e c i f i c , i f t h e e l e m e n t s w i t h i n c l u s t e r s t e n d t o be a l i k e ( p o s i t i v e l y 
c o r r e l a t e d ) , t h e t o t a l sample of e l e m e n t a r y u n i t s i s l a r g e r f o r c l u s t e r 
work s a m p l e s . The magn i tude of t h e d i f f e r e n c e I s g r e a t e s t when t h e 
e l e m e n t s a r e a l l a l i k e and becomes z e r o when t h e e l e m e n t s a r e u n c o r r e -
l a t e d . S h o u l d t h e c o r r e l a t i o n be n e g a t i v e , c l u s t e r work s a m p l e s w i l l 
be s m a l l e r t h a n s i m p l e random work s ample s f o r a common l e v e l of p r e c i s ­
i o n . T h i s phenomenon i s i l l u s t r a t e d l a t e r i n t h i s s e c t i o n . 
F o r t h e c a s e p r e s e n t e d i n t h e r e m a i n i n g s e c t i o n s of t h i s c h a p t e r — 
a l l p s u ' s e q u a l ( o r n e a r l y e q u a l ) i n s i z e , p s u ' s r andomly s amp led , and 
100 p e r c e n t e n u m e r a t i o n of sampled p s u ' s — i t i s e x p e c t e d t h a t t h e u n i t s 
w i t h i n a c l u s t e r w i l l be p o s i t i v e l y c o r r e l a t e d . In t h i s c a s e , a l a r g e r 
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number of e l e m e n t a r y u n i t s must be c o l l e c t e d f o r a s t a t e d p r e c i s i o n u s i n g 
c l u s t e r s a m p l i n g a s opposed t o s i m p l e random s a m p l i n g . However, t h e number 
of c l u s t e r s i s u s u a l l y l e s s t h a n t h e number of e l e m e n t a r y o b s e r v a t i o n s In 
s i m p l e random s a m p l i n g , and t h e n a t u r e of s a m p l i n g c o s t s w i t h i n c l u s t e r s 
o f t e n makes c l u s t e r s a m p l i n g t h e more e f f i c i e n t of t h e two p r o c e d u r e s when 
t o t a l c o s t s s e r v e a s t h e c r i t e r i o n f o r c o m p a r i s o n . A compar i son -in t e r m s 
of c o s t s w i l l a p p e a r i n t h e s e c t i o n i n which c o s t s a r e i n v e s t i g a t e d . 
The v a r i a n c e of t h e c l u s t e r e s t i m a t o r as g i v e n i n e q u a t i o n (79) i s 
M 
2 _ rMnmv \ ^ ( P j - p ) 
° p ~ { m } L M-l ' 
i = I 
and s i n c e M i s i n f i n i t e l y l a r g e i n work s a m p l i n g , t h i s r e d u c e s t o 
«$ = m L - i w - * ( 9 0 ) 
i ~ l 
When a s i m p l e random sample of mS o b s e r v a t i o n s i s t a k e n ( t h i s i s t h e 
t o t a l sample s i z e f o r t h e c l u s t e r sample of m p s u ' s ) , t h e v a r i a n c e of 
t h e s i m p l e random e s t i m a t o r i s g i v e n by e q u a t i o n ( 1 9 ) , C h a p t e r I I I , a s 
r 2 ( s i m p l e random) = ^ , (91) p mS 
and t h e r a t i o of t h e v a r i a n c e s of s i m p l e c l u s t e r t o s i m p l e random s a m p l i n g 
1 8 S ( P . . - P ) 2 
1 \ 1 
2 / \ m L (M- l ) 2 
Op ( c l u s t e r ) _ ^ ^ 
•J2 ( s i m p l e random) ~ § m ^ ( s i m p l e random) 
P 
w h i c h shows t h a t t h e l a r g e r the be tween c l u s t e r v a r i a n c e , t h e l e s s 
e f f i c i e n t i s c l u s t e r s a m p l i n g when c o n s i d e r e d on t h e b a s i s of t o t a l 
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o b s e r v a t i o n s . 
F o r c o m p a r a t i v e p u r p o s e s , however , i t i s p o s s i b l e t o s t a t e t h e 
v a r i a n c e of t h e c l u s t e r e s t i m a t o r i n t e r m s of t h e v a r i a n c e o f t h e 
s i m p l e random e s t i m a t o r and a measure of t h e c o r r e l a t i o n of u n i t s 
w i t h i n c l u s t e r s . A s l i g h t a l t e r a t i o n of an e x p r e s s i o n g i v e n by Cochran 
( 1 5 , p . 203) y i e l d s 
w h e r e p i s t h e c o r r e l a t i o n c o e f f i c i e n t among u n i t s w i t h i n c l u s t e r s . 
Note t h a t when p = 0 , t h e v a r i a n c e of a c l u s t e r e s t i m a t o r from a 
sample of m c l u s t e r s of S e l e m e n t s e a c h i s e q u i v a l e n t t o t h e v a r i ­
ance o f a s i m p l e random e s t i m a t o r from a sample of mS u n i t s . On t h e 
o t h e r hand , i f p - I , t h e c l u s t e r v a r i a n c e i s S t i m e s t h e s i m p l e 
random v a r i a n c e . And, a s p o i n t e d o u t e a r l i e r , any t i m e p i s g r e a t e r 
t h a n z e r o , t h e c l u s t e r sample r e q u i r e s more e l e m e n t a r y u n i t s t h a n does 
a s i m p l e random sample f o r a s t a t e d p r e c i s i o n ; i . e . , t h e v a r i a n c e f o r 
t h e c l u s t e r e s t i m a t o r i s g r e a t e r t h a n t h e v a r i a n c e f o r t h e s i m p l e random 
e s t i m a t o r f o r t h e same t o t a l sample s i z e . A l s o , when p i s l e s s t h a n 
z e r o , t h e c l u s t e r sample w i l l be s m a l l e r t h a n t h e s i m p l e random sample 
f o r a s t a t e d p r e c i s i o n . I t s h o u l d be n o t e d t h a t t h e m a g n i t u d e of t h e 
r e l a t i v e p r e c i s i o n i s a l s o d i r e c t l y a f f e c t e d by t h e s i z e of t h e c l u s t e r , 
So S i n c e t o t a l sample s i z e i s a p o o r measure of r e l a t i v e e f f i c i e n c y 
be tween c l u s t e r and s i m p l e random work s a m p l i n g , a more d e t a i l e d d i s ­
c u s s i o n of t h i s t o p i c w i l l be d e f e r r e d t o t h e s e c t i o n on r e l a t i v e c o s t s . 
An I l l u s t r a t i o n of S i m p l e C l u s t e r Work Sampl ing 
a ( c l u s t e r ) ~ a ( s i m p l e random) 
P P 
(93) 
The p r o c e d u r e f o r s amp l ing a p o p u l a t i o n i n c l u s t e r s w i l l be 
122 
i l l u s t r a t e d u s i n g Appendix A and c o m p a r i s o n s w i l l be made w i t h s i m p l e 
random samp l ing of t h e same p o p u l a t i o n . The d e s i r e d p r e c i s i o n of t h e 
e s t i m a t e s w i l l be a s i n t h e p r e v i o u s i l l u s t r a t i o n s where t h e o b j e c t i v e 
was t o g e t e s t i m a t e s of t h e P ^ ' s which were w i t h i n 10 p e r c e n t of t h e 
t r u e v a l u e s w i t h a c o n f i d e n c e of 95 p e r c e n t . The n a t u r a l c l u s t e r which 
i s o b v i o u s i n Appendix A i s t h e group of f o u r i n s t a n t s , one f o r each 
w o r k e r , a t each p o i n t i n t i m e . Hence , S - 4- and i s c o n s t a n t f o r a l l 
c l u s t e r s . C l u s t e r m i n u t e s w i l l be chosen u s i n g random numbers and a 
random i n s t a n t w i l l be o b s e r v e d w i t h i n t h e chosen m i n u t e i n k e e p i n g 
w i t h p r e v i o u s p r a c t i c e . 
E q u a t i o n (83) can be u s e d f o r d e t e r m i n i n g t h e number of c l u s t e r s 
t o o b s e r v e i n o r d e r t h a t p_ w i l l be w i t h i n 10 p e r c e n t of P 0 w i t h 
l i 
95 p e r c e n t c o n f i d e n c e . The v a l u e s of t h e unknown t e r m s i n e q u a t i o n 
(83) a r e known f o r t h e a c t i v i t y i n Appendix A and a r e 
P = 0 .1650 
1 
1=1 
2 .125 P 
2 
= 0 .2570 
i = l 
P 
3 
= 0 .5780 . 
i = i 
Us ing e q u a t i o n ( 8 3 ) , t h e number of n e c e s s a r y c l u s t e r s f o r each e l e m e n t 
i s 
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m-L = 974 
m 2 = 840 
m r- 177 . 
3 
Hence , i n e s t i m a t i n g i t w i l l b e p o s s i b l e t o o b t a i n t h e same p r e ­
c i s i o n from 974 c l u s t e r s ( c o m p l e t e l y enumera t ed ) t h a t was o b t a i n e d from 
1944 s i m p l e random o b s e r v a t i o n s - The 974 c l u s t e r s c o n t a i n 4 x 974 - 3896 
i n d i v i d u a l o b s e r v a t i o n s , a p p r o x i m a t e l y t w i c e t h e number i n t h e s imp le 
random s a m p l e . A compar i son on t he b a s i s of c o s t s w i l l be made i n t h e 
n e x t s e c t i o n a s t h e c h o i c e be tween c l u s t e r and s imp le random s a m p l i n g 
schemes muse be made on t h e b a s i s of t o t a l c o s t s r a t h e r t h a n on the b a s i s 
of t o t a l sample s i z e . 
The p r o c e d u r e f o r c a r r y i n g o u t t h e s i m p l e c l u s t e r s a m p l i n g p l a n 
i s s i m i l a r t o t h a t u s e d In t h e p r e c e d i n g m o d e l s . I f one c h o o s e s 
m 974 f o r t h e t o t a l number of c l u s t e r s t o i n c l u d e i n t h e s a m p l e , t h e 
d e s i g n a t i o n of t h o s e p o i n t s i n t ime a t which a l l S of t h e s u b j e c t s 
w i l l be o b s e r v e d w i l l be made u s i n g a t a b l e of random n u m b e r s . Random 
m i n u t e s w i l l be chosen a s b e f o r e , and t h e a c t u a l o b s e r v a t i o n w i l l be made 
a t an i n s t a n t n a t u r a l l y randomized w i t h i n each m i n u t e . The e n t i r e p o p u ­
l a t i o n of U m i n u t e s i s s u b j e c t e d t o s a m p l i n g each t i m e and when two 
o r more o b s e r v a t i o n s f a l l i n t h e same m i n u t e , f u r t h e r r a n d o m i z a t i o n i s 
made u s i n g t h e random number a p p r o a c h . At each d e s i g n a t e d p o i n t i n t i m e , 
a l l s u b j e c t s i n t h e group a r e o b s e r v e d and t h e i r i n d i v i d u a l s t a t u s e s a r e 
n o t e d . The d a t a r e c o r d e d i s s i m p l y t h e number of s u b j e c t s engaged i n 
each s t a t e o f t h e a c t i v i t y a t each o b s e r v a t i o n , i . e . , X„, Y„, Z . , 
i i i 
e t c . E q u a t i o n s (78) and (81) a r e u s e d f o r c a l c u l a t i n g t h e e s t i m a t e and 
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i t s a p p r o x i m a t e v a r i a n c e f o r each e l e m e n t of t h e a c t i v i t y . With t h e s e 
v a l u e s f o r each e l e m e n t of t h e a c t i v i t y , c o n f i d e n c e i n t e r v a l e s t i m a t e s 
may be made on t h e t r u e P ' s i n t h e same manner u s e d i n t h e p r e v i o u s 
i 
two m o d e l s . Tha t i s . 
P(p - k • r < P . < P . + k , G ) = 1 -a 1 a / 2 - p d ~ I ~ * i a / 2 ° p ± y 
In o r d e r t o b e t t e r i l l u s t r a t e t h e s a m p l i n g d i s t r i b u t i o n s of t h e 
e s t i m a t o r s i n c l u s t e r work s a m p l i n g , 200 i n d e p e n d e n t c l u s t e r samples of 
974- c l u s t e r s each were drawn from t h e p o p u l a t i o n i n Appendix A. The d i s ­
t r i b u t i o n s f o r p , p ^ , and p^ a r e g i v e n i n F i g u r e 7 . Compar i sons of 
t h e t r u e p a r a m e t e r s i n t h e p o p u l a t i o n and t h e e s t i m a t e d v a l u e s a r e a l s o 
shown. These r e s u l t s f a l l w e l l w i t h i n t h e scope p r e d i c t e d by t h e e x p r e s ­
s i o n s g i v e n e a r l i e r f o r t h e e s t i m a t o r s and t h e i r v a r i a n c e s . 
As i n t h e p r e v i o u s c a s e s , when more t h a n one c h a r a c t e r i s t i c 
( e l e m e n t ) i s e s t i m a t e d from t h e s a m p l e , t h e f o r e g o i n g a n a l y s i s i s made 
f o r each c h a r a c t e r i s t i c and a compromise i s r e a c h e d among t h e c o n f l i c t ­
i n g v a l u e s of sample s i z e n e c e s s a r y . In t h e p r e s e n t c a s e , P^ was 
c h o s e n a s t h e most i m p o r t a n t p a r a m e t e r and was e s t i m a t e d w i t h 10 p e r 
c e n t a c c u r a c y and 9$ p e r c e n t c o n f i d e n c e „ I n s t e a d of R = 0 . 1 0 f o r t h e 
e s t i m a t o r s of P^ and P , t h e s e a r e R^ = 0 .089 and R - 0.04-3, w i t h 
t h e change b e i n g due t o t h e sample of 974- c l u s t e r s . 
C o s t F a c t o r s i n S imple C l u s t e r Work Sampl ing 
In t h e two s a m p l i n g methods p r e s e n t e d p r e v i o u s l y , s i m p l e random 
and s t r a t i f i e d random work s a m p l i n g , t h e component c o s t s were e s s e n ­
t i a l l y t h e same. The model which gave t h e d e s i r e d p r e c i s i o n f o r t h e 
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P 3 = 0 . 5 7 8 0 P 3 = 0 . 5 7 8 6 
o~ = 0 . 0 1 2 5 5 cr = 0 .01187 
• " - i ^ ! ^ O C O v O C ^ C ^ i O O O ^ ^ I > O c ^ v O C > C N J i O O D ' - l ^ - I > -
*f ; ^ ^ L O i O i O i O v O v O v O l ^ [ ^ [ ^ C O C O a ) C O C > C > C > 0 0 0 P 
L O i O i n i n i O i O i f i i O i n i O i n i f i i O i O i n i f i i O i n i n i n v O v O v o 
F i g u r e 7 . F r e q u e n c y D i s t r i b u t i o n s of p2, and p 3 f o r 200 
S t u d i e s Compared w i t h Normal 
126 
l o w e s t t o t a l c o s t was t h u s p r e f e r r e d . Under normal c o n d i t i o n s i n work 
s a m p l i n g , i t was o b s e r v e d t h a t s t r a t i f i e d s a m p l i n g was u s u a l l y p r e f e r r e d 
t o s i m p l e random s a m p l i n g . In t h e c a s e where t h e c o s t p e r o b s e r v a t i o n 
i s n o t c o n s t a n t , s e l e c t i o n c r i t e r i a which a r e b a s e d on sample s i z e a r e 
n o t a d e q u a t e f o r s e l e c t i n g a p l a n . Where t h e c o s t p e r a d d i t i o n a l o b s e r v a ­
t i o n i s much l e s s t h a n t h e c o s t of a s i n g l e o b s e r v a t i o n , one can a f f o r d 
t o t a k e a l a r g e r t o t a l sample t h a n where t h e c o s t p e r o b s e r v a t i o n i s 
c o n s t a n t . The o v e r a l l o b j e c t i v e i n t h i s c a s e i s t o o b t a i n maximum p r e ­
c i s i o n of r e s u l t s p e r u n i t of c o s t . Hence , t h e main p u r p o s e of c l u s t e r 
work s a m p l i n g i s n o t t o g e t t h e most r e l i a b l e sample i n t e r m s of t o t a l 
sample s i z e ( e l e m e n t a r y u n i t s ) , b u t t o g e t t h e most r e l i a b l e r e s u l t s p e r 
u n i t o f c o s t . 
The g e n e r a l n a t u r e o f c o s t s i n c l u s t e r work s a m p l i n g i s t h e same 
a s t h a t f o r t h e o t h e r models i n t h a t t h e r e a r e ( l ) f i x e d c o s t s , (2) 
s a m p l i n g c o s t s , and (3) " l o s s due t o e r r o r " c o s t s , i n c l u d i n g t h e u s u a l 
d a t a p r o c e s s i n g c o s t s , , The l a t t e r component of c o s t s , d a t a p r o c e s s i n g , 
may be a b i t h i g h e r i n t h e ca se of c l u s t e r work s a m p l i n g due t o t h e 
n e c e s s i t y of a n a l y z i n g t h e d a t a i n t e r m s of i n d i v i d u a l c l u s t e r s r a t h e r 
t h a n i n t e rms of e l e m e n t a r y u n i t s . T h i s a d d i t i o n a l c o s t i s n o t c o n s i d ­
e r e d t o be a s i g n i f i c a n t p o r t i o n of t o t a l c o s t s and i s t h u s n o t c o n s i d ­
e r e d i n t h i s a n a l y s i s . The major d i f f e r e n c e i n t h e c o s t s f o r c l u s t e r 
work s a m p l i n g and c o s t s f o r s i m p l e random and s t r a t i f i e d random work 
s a m p l i n g i s i n t h e s a m p l i n g p h a s e . S i n c e c l u s t e r s a m p l i n g i s a p p l i c a b l e 
i n t h o s e c a s e s where m u l t i p l e o b s e r v a t i o n s may be made s i m u l t a n e o u s l y , t h e 
s a m p l i n g c o s t s may be s t u d i e d a t two s t a g e s — t h e s a m p l i n g of p s u ' s and 
t h e w i t h i n p s u s a m p l i n g . 
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The c o s t of r andomly c h o o s i n g a s i n g l e p s u and making a s i n g l e 
o b s e r v a t i o n w i l l be l a b e l e d C , and t h e c o s t of making more t h a n a 
s i n g l e o b s e r v a t i o n i n each p s u w i l l be P e r a d d i t i o n a l u n i t . Note 
t h a t r e p r e s e n t s t h e c o s t of s e l e c t i n g a p s u , o b s e r v i n g t h e a c t i v i t y 
a t t h e chosen t i m e , and making a s i n g l e d e t e r m i n a t i o n of t h e s t a t e of 
t h e a c t i v i t y . Hence , i s i d e n t i c a l i n t h e c o s t c o n s i d e r a t i o n s of 
a l l t h r e e models p r e s e n t e d t h u s f a r . i s t h e c o s t of making an a d d i ­
t i o n a l o b s e r v a t i o n a t t h e same t i m e t h e i n i t i a l o b s e r v a t i o n i s made, 
h e n c e t h i s c o s t w i l l be ( S - l ) C ^ f o r each p s u i n t h e sample s i n c e t h e 
p s u i s c o m p l e t e l y e n u m e r a t e d . The n a t u r e of t h e c o s t i s of u t m o s t 
i m p o r t a n c e i n t h e d e s i g n of a c l u s t e r work sampl ing s t u d y . Because of 
t h e n a t u r e of work s a m p l i n g p o p u l a t i o n s , t h e r e i s r e a s o n t o b e l i e v e t h a t 
t h e c o s t C' w i l l s e ldom, i f e v e r , be more t h a n a s m a l l f r a c t i o n of G 
s i n c e t h e o n l y e f f o r t needed f o r a d d i t i o n a l o b s e r v a t i o n s i s s i m p l y t h e 
r e c o r d i n g of t h e s t a t e of a n o t h e r member of t h e c l u s t e r , The major c o n ­
t r i b u t i o n t o s a m p l i n g c o s t s w i l l be r e f l e c t e d i n c h o o s i n g t h e s a m p l e , 
p r e p a r i n g f o r d a t a c o l l e c t i o n , and p u t t i n g an o b s e r v e r on t h e s cene a t 
t h e p r o p e r i n s t a n t , wh ich a r e r e f l e c t e d i n C . A r e l a t i o n s h i p be tween 
and w i l l be e s t a b l i s h e d a s f o l l o w s : 
C£ = f ' C 2 (94) 
i n wh ich f1 i s a f r a c t i o n be tween 0 and 1„ T h i s f u n c t i o n w i l l be u s e d 
i n d e v e l o p i n g t h e t o t a l c o s t e q u a t i o n f o r t h i s mode l . 
D e s i g n i n g a S i m p l e C l u s t e r Work Sample t o Min imize 
C o s t s o r t o Achieve a S t a t e d T o t a l C o s t 
The t o t a l c o s t e q u a t i o n f o r c l u s t e r work s a m p l i n g may be f o r m u l a t e d 
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i n t e r m s of t h e number of p r i m a r y u n i t s chosen i n t h e sample and t h e 
r e l e v a n t c o s t f a c t o r s a s f o l l o w s : 
C • = C + m 
1 
c 2 + ( S - l ) C . + c (95) 
whe re C, and C g a r e a s d e f i n e d i n C h a p t e r s I I I and IV„ T o t a l 
c o s t s p e r t i n e n t t o s a m p l i n g a r e ( l e a v i n g o u t f i x e d c o s t s ) 
m j [ i + ( s - i ) f « ] J C 2 + c ( (96) 
The e x p e c t e d v a l u e of C , E ( l ( e ) J , i s d e t e r m i n e d i n t h e same manner 
a s p r e v i o u s l y . S i n c e e has t h e same v a r i a n c e as t h e e s t i m a t o r p , 
when t h e l o s s f u n c t i o n 1 ( e ) = ce i s assumed, 
M 
,M-m _ 1 
C = coe = c \ ( M ) ^ 2 / , M-l 
S m i = l 
( x . - x ) 2 \ 
(97) 
Hence , a ssuming an i n f i n i t e p o p u l a t i o n of c l u s t e r s , 
f ( x - x ) 2 





To min imize C ' , we d i f f e r e n t i a t e i t w i t h r e s p e c t t o m, e q u a t e t h e 
r e s u l t to z e r o , and s o l v e f o r m. T h u s , 
c3Cl 
dm = 0 [ l + ( S - l ) f Q c - - r r - r > -
1. , , 
^ S 2 m 2 M-l 1=1 
and 
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i = l 
S 2 C 2 Q L + ( s - i ) f | ] 
(99) 
wh ich i s t h e number of p s u ' s t o i n c l u d e i n t h e sample i n o r d e r t o m i n i ­
mize t o t a l c o s t s when t h e p s u ' s a r e a l l e q u a l i n s i z e and comple t e enumer­
a t i o n i s c a r r i e d o u t . The t e r m s i n t h i s e x p r e s s i o n i n v o l v i n g p o p u l a t i o n 
v a l u e s w i l l have t o be e s t i m a t e d p r i o r t o t h e d e s i g n of t h e s t u d y u s i n g 
methods p r e v i o u s l y i n d i c a t e d . 
F o r d e t e r m i n i n g t h e number of c l u s t e r s t o i n c l u d e i n t h e sample 
when a s t a t e d t o t a l c o s t i s s p e c i f i e d , t h e t o t a l c o s t e q u a t i o n i s s o l v e d 
f o r m a s f o l l o w s . 
C = C 1 + m 
M ( x . - x ) 2 
C ( 1 + ( s - i ) r ) | + - § - £ 4 
1-1 
(100) 
a n d , 
M 
I W j ) - ~ t ^ + ( s " 1 ) f ' ) 1 
m = ' 3=J= 
2C ( l + ( S - l ) f ' ) 
- v 2 
S i n c e one i s i n t e r e s t e d i n b o t h c o s t s and p r e c i s i o n , t h e n e c e s ­
s i t y f o r compromise i s e v i d e n t . The v a l u e s of m c a l c u l a t e d f o r a 
f i x e d t o t a l c o s t o r f o r minimum c o s t s may be u s e d i n e q u a t i o n (83) t o 
d e t e r m i n e the p r e c i s i o n which would r e s u l t from a sample o f t h a t s i z e . 
L i k e w i s e , t h e v a l u e s of m c a l c u l a t e d w i t h e q u a t i o n (83) may be u s e d 
i n t h e t o t a l c o s t e q u a t i o n above t o d e t e r m i n e t o t a l c o s t s f o r a s t a t e d 
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p r e c i s i o n . The n a t u r e of t h e compromise n e c e s s a r y be tween t h e s e two 
f a c t o r s i s i l l u s t r a t e d i n t h e f o l l o w i n g s e c t i o n . 
Choos ing a S imple C l u s t e r Sample Based on Both P r e c i s i o n and C o s t s 
E q u a t i o n (99) may be used t o d e t e r m i n e t h e number of c l u s t e r s 
t o i n c l u d e i n t h e sample i n o r d e r t o min imize c o s t s . For t h e i l l u s t r a ­
t i o n g i v e n p r e v i o u s l y , some assumed c o s t s w i l l be s t a t e d f o r t h e p u r p o s e 
of i l l u s t r a t i n g t h e i n f l u e n c e of c o s t s i n c l u s t e r work s a m p l i n g . The 
r a t i o of c/C - 2 x 10 w i l l be assumed a s i n t h e p r e v i o u s models 
s 
( C s = C 2 ) o An a d d i t i o n a l f a c t o r which must be d e t e r m i n e d i s f E , t h e 
f r a c t i o n of t h e c o s t o f an i n i t i a l o b s e r v a t i o n vrhich a p p l i e s t o a d d i ­
t i o n a l o b s e r v a t i o n s . In work s a m p l i n g s t u d i e s , f' i s l i k e l y t o be n e a r 
z e r o s i n c e l i t t l e a d d i t i o n a l e f f o r t i s r e q u i r e d t o n o t e t h e s t a t u s of a l l 
t h e members of t h e g roup as opposed t o n o t i n g t h e s t a t u s of a s i n g l e mem­
b e r . However, f o r t h e p u r p o s e s o f t h i s I l l u s t r a t i o n , a v a l u e of f [ = 0 o ' l 
w i l l b e assumed i n o r d e r t o a d e q u a t e l y a l l o w f o r w h a t e v e r a d d i t i o n a l c o s t 
may be i n c u r r e d . Us ing t h e s e c o s t v a l u e s , t h e f o l l o w i n g d e t e r m i n a t i o n s 
a r e made u s i n g e q u a t i o n ( 9 9 ) : 
m. 1 
1035 
m. 2 H 3 0 
m. 3 
1535 
The v a l u e s n e c e s s a r y f o r t h e s t a t e d a c c u r a c y of ± 10 p e r c e n t w i t h 
95 .per c e n t a s s u r a n c e were shown e a r l i e r t o be 
m 1 - 974 
m 9 = 84-0 
im [3 = 177 
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As b e f o r e , t h e f i n a l d e t e r m i n a t i o n of how many c l u s t e r s t o i n ­
c l u d e i n t h e sample w i l l be a judgment d e c i s i o n which must be a compro­
mise among t h e above s e t s of optimum sample s i z e s . Looking a t t h e number 
of c l u s t e r s f o r t h e e s t i m a t o r p ^ , i t I s s een t h a t a sample of 974 
c l u s t e r s w i l l y i e l d an e s t i m a t e which i s w i t h i n 10 p e r c e n t of 
w i t h 95 p e r c e n t c o n f i d e n c e , y e t a sample of 1035 c l u s t e r s w i l l min imize 
c o s t s o Each p r a c t i c a l s i t u a t i o n w i l l have i t s own u n i q u e c o s t and v a r i ­
ance c h a r a c t e r i s t i c s , a s was assumed f o r t h e example i n Appendix A, and 
w i l l have t o be e v a l u a t e d i n t h e l i g h t of t h e s e . The f i n a l d e c i s i o n on 
how much s a m p l i n g w i l l be done must r e f l e c t t h e p e r t i n e n c e of each of 
t h e s e f a c t o r s and can o n l y be made by t h o s e f o r whom t h e s t u d y i s b e i n g 
c o n d u c t e d . 
A C o s t Compar ison of S imple C l u s t e r Work Sampl ing and S i m p l e Random 
Work Sampl ing 
A compar i son of s i m p l e c l u s t e r and s i m p l e random work s a m p l i n g , 
made on t h e b a s i s of t o t a l c o s t s , w i l l i n d i c a t e t h e major a d v a n t a g e s 
of s a m p l i n g c l u s t e r s of a c t i v i t y . These r e s u l t s c a n n o t be c o m p l e t e l y 
g e n e r a l i z e d ; however even u n d e r t h e assumed c o s t f a c t o r s of t h e f o r e ­
g o i n g i l l u s t r a t i o n , one can o b s e r v e t h e r e l a t i v e m e r i t s of t h e two methods 
of s a m p l i n g . The t h r e e components of c o s t which make up t h e t o t a l c o s t 
e q u a t i o n w i l l be i n v e s t i g a t e d s e p a r a t e l y . There i s l i t t l e r e a s o n f o r 
f i x e d c o s t s t o be d i f f e r e n t f o r t h e two p l a n s s i n c e v i r t u a l l y t h e same 
p l a n n i n g and d a t a p r o c e s s i n g o p e r a t i o n s mus t be c a r r i e d o u t r e g a r d l e s s 
of t h e s amp l ing scheme u s e d . S a m p l i n g c o s t s f o r t h e two p l a n s which 
were d e s i g n e d t o y i e l d t. 10 p e r c e n t a c c u r a c y w i t h 95 p e r c e n t a s s u r a n c e 
a r e ( i n t e rms of C ) , 194-40Q For t h e s i m p l e random sample and 
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9 7 4 ( 1 + 3 f ' ) C 2 - 1266C f o r t h e c l u s t e r s a m p l e . S a m p l i n g c o s t s a r e 
t h e r e f o r e 53*6 p e r c e n t h i g h e r f o r t h e s i m p l e random sample t h a n f o r t h e 
s i m p l e c l u s t e r sample i n t h i s c a s e . I t i s t h e c o s t s a v i n g s a t t h i s p h a s e 
of t h e s t u d y which makes c l u s t e r s a m p l i n g more e f f i c i e n t t h a n s i m p l e 
random s a m p l i n g . The f i n a l c o s t component , t h e " l o s s due t o e r r o r , " i s 
t h e same i n b o t h c a s e s s i n c e t h e two sample s were chosen t o y i e l d e s t i ­
m a t e s w i t h t h e same l e v e l of p r e c i s i o n . O v e r a l l t h e n , t h e o n l y major 
c o s t d i f f e r e n c e s a r e t h o s e which p e r t a i n t o t h e s e l e c t i o n of t h e s a m p l e 0 
Al though t h e s a m p l i n g c o s t s i n t h e f o r e g o i n g example a p p l y o n l y 
t o t h e s a m p l i n g of t h e a c t i v i t y i n Appendix A, and c o n s e q u e n t l y r e f l e c t 
t h e s p e c i f i c c h a r a c t e r i s t i c s of t h a t a c t i v i t y , i t s h o u l d be n o t e d t h a t 
t h i s h y p o t h e t i c a l a c t i v i t y i s c o n s t r u c t e d i n such a way t h a t t h e c o r r e l a ­
t i o n among w o r k e r s w i t h i n c l u s t e r s i s p o s i t i v e and r e l a t i v e l y l a r g e . The 
v a l u e of p f o r t h i s a c t i v i t y i s 0 „ 3 4 . The l a r g e r t h i s c o e f f i c i e n t 
of c o r r e l a t i o n , t h e s m a l l e r w i l l be t h e d i f f e r e n c e i n t h e s a m p l i n g c o s t s 
f o r t h e two p l a n s , and v i c e v e r s a . T h i s f o l l o w s from t h e f a c t t h a t 
when p = 0 , t h e v a r i a n c e of t h e c l u s t e r e s t i m a t o r i s e q u a l t o t h e 
v a r i a n c e of t h e s i m p l e random e s t i m a t o r and c l u s t e r s a m p l i n g i s more 
e f f i c i e n t c o s t w i s e s i n c e ( S - l ) m of t h e o b s e r v a t i o n s i n t h e c l u s t e r 
sample a r e made a t a f r a c t i o n , f T , of t h e c o s t of s i m p l e random o b s e r ­
v a t i o n s . Hence , t h e i l l u s t r a t i v e a c t i v i t y i n Appendix A i s n o t c o n ­
s t r u c t e d such t h a t i t f a v o r s c l u s t e r s a m p l i n g from a c o s t s t a n d p o i n t . 
I t was o b s e r v e d e a r l i e r t h a t due t o t h e h i g h c o r r e l a t i o n w i t h i n c l u s ­
t e r s , a p p r o x i m a t e l y t w i c e a s many c l u s t e r o b s e r v a t i o n s had t o be made a s 
compared w i t h s i m p l e random o b s e r v a t i o n s t o o b t a i n a s t a t e d l e v e l of 
r e l i a b i l i t y . I t was a l s o n o t e d t h a t t h e c o r r e l a t i o n w i t h i n c l u s t e r s 
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i s e x p e c t e d t o be p o s i t i v e i n most work s a m p l i n g s i t u a t i o n s ; however^ 
u n l e s s t h e w o r k e r s t e n d t o p e r f o r m i n u n i s o n , t h e c o e f f i c i e n t w i l l n o t 
a p p r o a c h i t s maximum v a l u e of o n e . 
In a d d i t i o n , t h e v a l u e of f' assumed above d i r e c t l y a f f e c t s 
t h e r e l a t i v e s a m p l i n g c o s t s of t h e two p r o c e d u r e s . The v a l u e of Q 0 1 
I s c o n s i d e r e d t o be v e r y l i b e r a l , a l t h o u g h t h e v a l u e of f 1 which 
would make t h e s a m p l i n g c o s t s t h e same u n d e r t h e two p l a n s i s 0 o 33« In 
r e a l i t y , i t i s e x p e c t e d t h a t f 1 w i l l be more on t h e o r d e r of 0 t o 0 o 0 2 
i n which c a s e s i m p l e c l u s t e r s a m p l i n g c o s t s would be even l e s s t h a n t h o s e 
i n d i c a t e d a b o v e . C o s t w i s e , c l u s t e r s a m p l i n g , where a p p r o p r i a t e , i s 
a l m o s t c e r t a i n t o b e a more e c o n o m i c a l method f o r work s a m p l i n g a c t i v i ­
t i e s . 
S t r a t i f i e d C l u s t e r Work Sampl ing 
The t e c h n i q u e s of s t r a t i f i c a t i o n p r e s e n t e d i n C h a p t e r IV a r e as 
a p p l i c a b l e i n c l u s t e r s a m p l i n g a s t h e y a r e i n s i m p l e random s a m p l i n g . 
S i n c e c l u s t e r s ( p s u ' s ) a r e sampled by d r a w i n g a s i m p l e random sample 
of c l u s t e r s , g a i n s from s t r a t i f i c a t i o n may be made i f g r o u p s of c l u s ­
t e r s can be formed which a r e more homogeneous w i t h r e s p e c t t o t h e 
c h a r a c t e r i s t i c u n d e r s t u d y t h a n t h e p o p u l a t i o n of c l u s t e r s a s a w h o l e . 
The p r o b l e m i s a n a l o g o u s i n a l m o s t e v e r y r e s p e c t t o t h e c a s e p r e s e n t e d 
i n C h a p t e r IV, t h e p r i m a r y d i f f e r e n c e b e i n g t h a t a m u l t i l a t e r a l l y c l a s s i ­
f i e d a c t i v i t y i s b e i n g sampled i n s t e a d of one t h a t i s u n i l a t e r a l l y 
c l a s s i f i e d . I f one r e g a r d s t h e a c t i v i t y i n Appendix A a s t h a t of a 
g roup of f o u r w o r k e r s work ing t o g e t h e r as a team such t h a t c l u s t e r s of 
s i z e f o u r a r e formed a t each p o i n t i n t i m e , and i f d i f f e r e n c e s i n t h e 
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p o p u l a t i o n can b e shown t o e x i s t be tween s u b p e r i o d s of t h e o v e r a l l a c t i v ­
i t y , t h e c l u s t e r s can be s t r a t i f i e d t o p r o v i d e a more e f f i c i e n t s a m p l i n g 
scheme . The c r i t e r i a on which t o s t r a t i f y , t h e a d m i n i s t r a t i v e p r o b l e m s 
e n c o u n t e r e d , and t h e g a i n s t o be e x p e c t e d a r e t h e same as t h o s e i n Chap­
t e r IV e x c e p t t h e a n a l y s i s now a p p l i e s t o p s u ' s r a t h e r t h a n t o e l e m e n t a r y 
u n i t s . 
The n o t a t i o n f o r c l u s t e r s a m p l i n g p r e s e n t e d e a r l i e r i n t h i s c h a p ­
t e r w i l l s u f f i c e i f one a d d i t i o n a l s u b s c r i p t i s added t o d e s i g n a t e s t r a t a 
The a d d i t i o n a l n o t a t i o n f o r s t r a t a w i l l be t h e same a s t h a t u s e d i n C h a p ­
t e r IV 0 In t h e c a s e of s t r a t i f i e d c l u s t e r s , M r e p r e s e n t s t h e number 
h 
of p s u ' s i n t h e h t h s t r a t u m (h = 1 , 2 , . 0 0 0 . 0 0 . , L) and i s t h e 
number of e l e m e n t a r y u n i t s i n t h e i t h p s u i n t h e h t h s t r a t u m . The 
e x p r e s s i o n ^ s ^ n e v a l u e of X on t h e j t h e lemsentary u n i t i n 
t h e i t h p s u i n s t r a t u m h . The sums, a v e r a g e s , p r o p o r t i o n s , e t c . , f o r 
t h e p o p u l a t i o n and t h e sample a r e formed a s i n s i m p l e c l u s t e r s a m p l i n g 
w i t h t h e s t r a t u m s u b s c r i p t added . 
The a n a l y s e s made i n C h a p t e r IV a s t o how t h e t o t a l sample s h o u l d 
be a l l o c a t e d t o t h e s t r a t a a l s o a p p l y i n c l u s t e r s a m p l i n g . The f i n d i n g s 
i n t h a t c a s e a r e s t i l l a p p l i c a b l e s i n c e t h e c o s t s o f s a m p l i n g a r e n o t 
e x p e c t e d t o v a r y from s t r a t u m t o s t r a t u m i n s t r a t i f i e d c l u s t e r s a m p l i n g 
and optimum a l l o c a t i o n s i n t e rms o f v a r i a n c e s w i t h i n t h e s t r a t a w i l l be 
i n c o n f l i c t when more t h a n one c h a r a c t e r i s t i c i s b e i n g e s t i m a t e d . T h e r e ­
f o r e , t h e r e a s o n s advanced i n C h a p t e r IV f o r u s i n g p r o p o r t i o n a l a l l o c a ­
t i o n w i l l d i c t a t e t h e same p r a c t i c e i n t h i s c a s e . The model d e v e l o p e d 
In t h e f o l l o w i n g a n a l y s i s i s f o r t h e c o m p l e t e e n u m e r a t i o n of c l u s t e r s 
drawn a t random w i t h i n s t r a t a where p r o p o r t i o n a t e s a m p l i n g i s u s e d w i t h i n 
s t r a t a . 
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Combining t h e e s t i m a t e s of P from s t r a t i f i e d random work 
s a m p l i n g and s i m p l e c l u s t e r work s a m p l i n g , t h e c o n s i s t e n t and u n b i a s e d 
e s t i m a t o r f o r P i s 
w h i c h I s s i m p l y t h e sum of t h e o b s e r v a t i o n s i n t h e sample f o r which t h e 
s u b j e c t s were engaged i n t h e s t a t e of t h e a c t i v i t y u n d e r s t u d y d i v i d e d 
by t h e t o t a l number of o b s e r v a t i o n s i n t h e s a m p l e . The v a r i a n c e of t h i s 
e s t i m a t o r may be found by a p p l y i n g t h e p r o c e d u r e s u sed i n s t r a t i f i e d r a n ­
dom and s i m p l e c l u s t e r work s a m p l i n g and i s a s f o l l o w s : 
(101) 
h = l 
a. 
.2 
P s / v v h 
(102) 
1=1 
wh ich f o r I n f i n i t e p o p u l a t i o n s of c l u s t e r s i s 
(103) 
Us ing e q u a t i o n ( 8 1 ) , t h e e s t i m a t e f o r t h i s v a r i a n c e from t h e sample i s 
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The Des ign of a S t r a t i f i e d C l u s t e r Work Sample 
The t o t a l number of c l u s t e r s n e c e s s a r y f o r o b t a i n i n g an e s t i ­
mate w i t h i n a d e s i r e d p r e c i s i o n ( w i t h p r o p o r t i o n a l a l l o c a t i o n w i t h i n 
s t r a t a ) can be d e t e r m i n e d by u s i n g t h e v a r i a n c e o b t a i n e d In t he p r e -
c e e d i n g s e c t i o n . R e t a i n i n g t h e a s s u m p t i o n of n o r m a l i t y f o r t h e d i s ­
t r i b u t i o n of t h e e s t i m a t o r , we may w r i t e t h e f o l l o w i n g r e l a t i o n s h i p f o r 
a r e q u i r e m e n t t h a t p be w i t h i n 100R pe r c e n t of P w i t h 1 -CC c o n ­
f i d e n c e . 
M 
' a / 2 p <V2 / ^ ^ S ' ir^ 
h = l i-_i 
R r \ " /^hx _1_ \ h i h y 
V c ; m 2 ~ / v S 1 m / M - l ' 
K ^ h L-* h 
a / 2 h= I i - 1 
and s i n c e f = M /M = m /m ( p r o p o r t i o n a l a l l o c a t i o n t o t h e s t r a t a ) , 
h h h ' ' 
L M h _ 2 
R V V £h_ V l x h i - x h ^ ( 1 0 6 ) 
r,2 ~ I n2 / M - l K ^ mS h 
a / ? h= l 1=1 
L M h , - N 2 
K 2 V £ h V ^ i f k } 
a /2 ZL. s 2 U M h -1 
m = h = l 1=] , o 
R 2 P 2 
I t w i l l be n e c e s s a r y t o o b t a i n a p r e l i m i n a r y sample of m1 p r o p o r ­
t i o n a l l y s t r a t i f i e d c l u s t e r s from which t o e s t i m a t e t h e unknown p a r a m ­
e t e r s i n t h i s e q u a t i o n , u n l e s s h i s t o r i c a l d a t a a r e a v a i l a b l e from which 
t h e s e e s t i m a t e s can be made. The p r o c e d u r e f o r d o i n g t h i s i s t h e same 
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a s s e t f o r t h I n t h e e a r l i e r d i s c u s s i o n of s i m p l e c l u s t e r work s a m p l i n g 0 
Gains from C l u s t e r S t r a t i f i c a t i o n 
The g a i n s e v e r s i m p l e random s a m p l i n g by u s i n g s t r a t i f i e d r a n ­
dom s a m p l i n g o r s i m p l e c l u s t e r s a m p l i n g have been shown i n C h a p t e r IV 
and t h e e a r l y s e c t i o n s of t h e p r e s e n t c h a p t e r „ The f o r m e r g a i n i s p r i ­
m a r i l y one of p r e c i s i o n , t h e l a t t e r I s p r i m a r i l y one of c o s t . When b o t h 
t h e s e f e a t u r e s ( s t r a t i f i c a t i o n and c l u s t e r i n g ) a r e combined i n t o a s i n g l e 
m o d e l , g a i n s i n b o t h c o s t s and p r e c i s i o n may be e x p e r i e n c e d . Comparing 
s t r a t i f i e d c l u s t e r s a m p l i n g w i t h s i m p l e random s a m p l i n g , a s i g n i f i c a n t 
g a i n i n s a m p l i n g c o s t s I s r e a l i z e d s i n c e t h e p o p u l a t i o n i s m u l t i l a t e r a l 
i n s t r u c t u r e ( g i v i n g r i s e t o c l u s t e r i n g ) and t h e p r e c i s i o n of t he e s t i ­
m a t o r i s improved s i n c e c l u s t e r s a r e s t r a t i f i e d . The compar i son made 
i n t h i s s e c t i o n i s b e t w e e n s i m p l e c l u s t e r work s a m p l i n g and s t r a t i f i e d 
c l u s t e r work s a m p l i n g s i n c e t h e g a i n s of c l u s t e r i n g o v e r s i m p l e random 
s a m p l i n g have been shown e a r l i e r . The g a i n from s t r a t i f y i n g c l u s t e r s i s 
of t h e same n a t u r e a s t h a t be tween s t r a t i f i e d and s i m p l e random s a m p l i n g 
e x c e p t t h e a n a l y s i s i s a t t h e p s u l e v e l 0 
A compar i son of t h e v a r i a n c e s f o r s i m p l e c l u s t e r work sampl ing 
e s t i m a t o r s and s t r a t i f i e d c l u s t e r work s a m p l i n g e s t i m a t o r s can be made 
I n t e r m s of a n a l y s i s of v a r i a n c e c o n c e p t s In t h e same manner u sed I n 
C h a p t e r IV. The v a r i a n c e of t h e p o p u l a t i o n of c l u s t e r s i s d i v i d e d i n t o 
two components i n t he s t r a t i f i c a t i o n p r o c e s s , t h e v a r i a n c e be tween 
s t r a t a and t h e v a r i a n c e w i t h i n s t r a t a . Only t h e l a t t e r i s r e f l e c t e d In ' 
a s t r a t i f i e d c l u s t e r sample s u b s e q u e n t l y chosen from t h e p o p u l a t i o n . 
The v a r i a n c e of t h e e s t i m a t o r from a sample of m c l u s t e r s was shown 
i n e q u a t i o n (90) t o be 
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M 
( P o - P ) 2 2 
g ( s i m p l e c l u s t e r ) = 7 7 m ~Z~ • \- L 'J/'/ 
Jp v ^ ' m(M-l) m 
T h i s v a r i a n c e can be w r i t t e n i n t e r m s of t h e s t r a t i f i e d p o p u l a t i o n a s 
( M - I ) 0 2 C £ £ ( p h i ~ p ) 2 » ( 1 0 8 ) 
1 h = i i - a 
t h e r i g h t s i d e of wh ich can f u r t h e r be d i v i d e d i n t o t h e be tween s t r a t a 
and t h e w i t h i n s t r a t a sums of s q u a r e s s u s i n g t h e same a l g e b r a i c i d e n t i t y 
p r e v i o u s l y quoted„ I t f o l l o w s t h a t 
L M h L 
( M - 1 } Y - I I ( p h i - V 2 + I M h ( p h - p ) Z ( 1 0 9 ) 
1 h = i 1=1 h--:l 
L L 
) ( M h - ! ) c r 2 + V M (P - P ) 2 . 
h - 1 h = l 
Due t o t h e i n f i n i t e p o p u l a t i o n s of c l u s t e r s i n v o l v e d , M-l and M ~1 
a r e t a k e n a s M and M r e s p e c t i v e l y „ D i v i s i o n by mM t h e n y i e l d s 
4 ± i f l , % A f h ( ? h - P ) 2 
h = l h = l 
wh ich I s 
/ p r o p o r t i g n a l l y \ A f (p _p)2 
( s i m p l e c l u s t e r ) = Q1 ( s t r a t i f i e d 1 + ) — b . ( i l l ) 
^ \ c l u s t e r s / m 
h = l 
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T h i s r e l a t i o n s h i p i s a n a l o g o u s t o t h e one o b t a i n e d i n C h a p t e r IV t o show 
t h e g a i n of s t r a t i f i e d random s a m p l i n g o v e r s i m p l e random s a m p l i n g 0 The 
g a i n i n u s i n g s t r a t i f i e d c l u s t e r s a m p l i n g as opposed t o s i m p l e c l u s t e r 
s a m p l i n g i s o b v i o u s l y d e p e n d e n t upon t h e m a g n i t u d e s of t h e d i f f e r e n c e s 
i n t h e s t r a t u m t o s t r a t u m v a r i a n c e s of P , and i s maximum when t h e s e 
d i f f e r e n c e s a r e maximum0 
An I l l u s t r a t i o n o f S t r a t i f i e d C l u s t e r Work Sampl ing 
As w i t h p r e v i o u s m o d e l s , t h i s method of s amp l ing w i l l be I l l u s ­
t r a t e d by s a m p l i n g t h e a c t i v i t y In Appendix AQ Fo r t h e same r e a s o n s 
s t a t e d i n C h a p t e r IV, t h e p o p u l a t i o n w i l l be d i v i d e d i n t o t e n s t r a t a , 
each day r e p r e s e n t i n g an i n d i v i d u a l s t r a t u m . The sample w i l l be d e s i g n e d 
to y i e l d e s t i m a t e s of t h e P „ ! s which a r e w i t h i n i 10 p e r c e n t of t h e 
t r u e v a l u e 95 p e r c e n t of t h e t i m e . The s t r a t u m v a r i a n c e s w i l l be needed 
I n c a l c u l a t i n g t h e n e c e s s a r y sample s i z e s f o r t h e t h r e e e s t i m a t e s u s i n g 
e q u a t i o n (106) and a r e g i v e n i n T a b l e 3» The sample s i z e c a l c u l a t i o n s 
y i e l d the f o l l o w i n g v a l u e s : 
m = 507 (112) 
m 2 = 206 
m^ - 57 . 
As compared t o t h e sample s i z e s r e q u i r e d f o r t h e same p r e c i s i o n when 
s i m p i e c l u s t e r s a m p l i n g i s u s e d , i . e . , 
m1 --- 974 
m 2 840 
m,, = 177 , 
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T a b l e 3 . S t r a t u m V a r i a n c e s ( C l u s t e r s ) f o r Append i x A 
S t r a t u m 0 a 2 
P h l P h 2 p h 3 
1 .0186 .0240 o0471 
2 . 0304 .0359 .0618 
3 .0788 . 0 7 9 1 o0304 
4 .0382 . 0170 o0488 
5 . 0066 .0524 .0413 
6 .0517 .0218 0 0661 
7 .0437 .0476 . 0770 
OCX
 
o0377 . 0318 o0584 
9 .0150 „0251 0OIO6 
10 .0386 .0186 .0503 
i t i s o b v i o u s t h a t s t r a t i f i c a t i o n y i e l d s a r a t h e r s i g n i f i c a n t g a i n i n 
v a r i a n c e e f f i c i e n c y . The d i s t r i b u t i o n s of t h e e s t i m a t o r s p ^ , p , 
and p ^ from 200 p r o p o r t i o n a l l y s t r a t i f i e d c l u s t e r s a m p l e s from t h e 
a c t i v i t y i n Appendix A a r e shown i n F i g u r e 8 . The sample s i z e c o r r e s ­
p o n d i n g t o p ^ was c h o s e n , a l l o w i n g a s i m p l e random sample of c l u s t e r s 
of s i z e 51 from e a c h s t r a t u m . A c t u a l v e r s u s e s t i m a t e d v a l u e s of t h e 
p a r a m e t e r s and t h e e s t i m a t o r v a r i a n c e s a r e a l s o g i v e n i n F i g u r e 8 . The 
r e s u l t s r e f l e c t t h e v a l i d i t y of t h e f o r e g o i n g mode l . 
C o s t F a c t o r s i n S t r a t i f i e d C l u s t e r Work S a m p l i n g 
An a n a l y s i s of c o s t s i n t h i s c a s e would p a r a l l e l t h e c o s t a n a l y s i s 
f o r s t r a t i f i e d random s a m p l i n g p r e s e n t e d i n C h a p t e r IV„ The p r e l i m i n a r y 
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h - O c o v o o c \ ) i D o o - - H ' ; ^ t s - o o o v o c ^ o J i n o o - - H ' v i - t > D ^ in in in in v O v O v o t ^ r - r - o o o o o o o o o o o o o o 3 in in in in Ln i n i n i n i n i n i n i n i n i n i n i n i n i n ^ o v o v o 
F i g u r e 8 . F r e q u e n c y D i s t r i b u t i o n s of p 1 , Pg , and p 3 f o r 200 
S t u d i e s Compared w i t h Normal 
H 2 
r e m a r k s made t h e r e w i t h r e s p e c t t o t h e n a t u r e of t h e s e c o s t s a r e v a l i d 
i n t h e p r e s e n t c a s e and w i l l n o t be r e p e a t e d . The t o t a l c o s t e q u a t i o n i n 
s t r a t i f i e d c l u s t e r work sampl ing i s 
L 
C = C x + I m h c h + C e , (113) 
h = l 
where C-, and C a r e t h e f i x e d c o s t s and t h e " l o s s due t o e r r o r " c o s t s 1 e 
a s b e f o r e . The s a m p l i n g c o s t s a r e r e p r e s e n t e d by t h e sum of t h e s a m p l i n g 
c o s t s w i t h i n each s t r a t u m , where m u i s t h e number of c l u s t e r s i n t h e 
' h 
sample from t h e h t h s t r a t u m and c^ i s t h e c o r r e s p o n d i n g c o s t of i n ­
c l u d i n g a s i n g l e c l u s t e r from t h e h t h s t r a t u m . As i n C h a p t e r IV, a l l 
s t r a t a a r e e x p e c t e d t o be e q u a l i n t e r m s of s a m p l i n g c o s t s f o r work 
s a m p l i n g , hence t h i s sum can be r e p l a c e d by m [ l + ( S - l ) f ' J C^. The t e r m 
C g w i l l assume t h e l o s s f u n c t i o n u s e d i n e a r l i e r c h a p t e r s and t h e r e f o r e 
h a s an e x p e c t e d v a l u e which i s a c o n s t a n t t i m e s t h e v a r i a n c e of t h e 
s t r a t i f i e d c l u s t e r e s t i m a t o r . I n t r o d u c i n g t h e s e v a l u e s i n t o t h e t o t a l 
c o s t e q u a t i o n y i e l d s 
C = C , + m C 2 [ l + ( S - l ) f • ] + c I ^ I . ( I H ) 
h = l ^ i - 1 h 
C h o o s i n g m t o m i n i m i z e t h e s e t o t a l c o s t s y i e l d s 
am 2 L. 
L M h - 2 
f h V ( X h i " X h ) 
1 + ( s - i ) f ] - 5 i s - t i ' ( 1 1 5 ) 




As _n pr-5V..cus c a s e s , I f t he cc t a i c o s t i s f i x e d , e q u a t i o n (^14) i s 
s o l v e d f o r m to y i e l d t h e p r o p e r number of c l u s t e r s to draw i n t o t h e 
samplec Trie v a l u e s of m a r r i v e d a t i n t h e s e c a s e s may be used in equa­
t i o n • .1. Jb) tc d e t e r m i n e the p r e c i s i o n of t h e e s t i m a t o r when c o s t s a r e 
m i n i m i z e d o r when t o t a l c o s t s a r e f i x e d . L i k e w i s e , when t he sample i s 
d e s i g n e d to y i e l d a s t a t e d p r e c i s i o n by u s i n g e q u a t i o n ( 1 J 6 ) , t h e r e s u l t ­
i n g va_i_ue of m may be s u b s t i t u t e d i n e q u a t i o n ( U 4 ) to d e t e r m i n e t h e 
tcta_L c o s t of t h e s t u d y . 
The d e c i s i o n a s t o what t h e f i n a l sample s i z e w i l l be must be 
made a s b e f o r e b y d e t e r m i n i n g which e s t i m a t o r s a r e mos t i m p o r t a n t as 
v e i l a s w h e t h e r t he p r e c i s i o n of t h e e s t i m a t o r o r o v e r a l l c o s t s of t h e 
s t u d y i s to be e m p h a s i z e d . In t h e p r e s e n t c a s e , u s i n g t h e assumed c o s t 
v a l u e s s t a t e d e a r l i e r , e q u a t i o n ( l i p ) y i e l d s t he f o l l o w i n g sample s i z e s 
n e c e s s a r y t o m i n i m i z e c o s t s : 
m^ - 186 (116) 
m 2 = "184 
m 3 = 218 0 
These a r e compared w i t h t h e v a l u e s i n e q u a t i o n (112) i n a r r i v i n g a t t h e 
compromise n e c e s s a r y be tween c o s t s and p r e c i s i o n . 
L i m i t a t i o n s of C l u s t e r Work Sampl ing 
C l u s t e r work s a m p l i n g , i n g e n e r a l , I s a more e f f i c i e n t method 
f o r s a m p l i n g t h e a c t i v i t i e s of a g roup of s u b j e c t s t h a n i s s i m p l e r a n ­
dom wcrk s a m p l i n g . T h i s r e s u l t s frGm t h e r e l a t i v e l y low p e r u n i t c o s t 
of m u l t i p l e o b s e r v a t i o n s a s compared w i t h s i n g l e o b s e r v a t i o n s . The 
a b i l i t y t c make m u l t i p l e o b s e r v a t i o n s s i m u l t a n e o u s l y w i t h o u t t h e I n t r o ­
d u c t i o n of e r r o r by t h e a n a l y s t as w e l l a s by t h e s u b j e c t s i s a f u n c t i o n 
of t h e a n a l y s t ' s a b i l i t y as w e l l a s t h e number of s u b j e c t s I n t h e c l u s ­
t e r . These l i m i t a t i o n s a r e o b v i o u s l y l e s s s i g n i f i c a n t w i t h s m a l l e r 
c l u s t e r s * however the t h e o r y i s a p p l i c a b l e t o any s i z e c l u s t e r . 
The s l i g h t l y more i n v o l v e d c a l c u l a t i o n s i n p r o c e s s i n g t h e d a t a 
of a c l u s t e r sample p l a c e s a g r e a t e r demand on the a n a l y s t . However, 
a f t e r a p e r i o d of f a m i l i a r i z a t i o n , t h e s e c a l c u l a t i o n s s h o u l d come as 
n a t u r a l a s the c u r r e n t l y u s e d s i m p l e random c a l c u l a t i o n s . 
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CHAPTER VI 
MULTI-STAGE WORK SAMPLING 
The Scope of t h i s C h a p t e r 
The work s a m p l i n g models d e v e l o p e d i n C h a p t e r s I I I t h r o u g h .V 
p e r t a i n t o t h e s a m p l i n g of a c t i v i t i e s wh ich a r e n o r m a l l y l o c a t e d w i t h i n 
a f a i r l y na r row g e o g r a p h i c a l c o n f i n e . Those d e v e l o p m e n t s a r e r e a d i l y 
a d a p t a b l e to manual d a t a p r o c e s s i n g and c o n t r o l „ The i n t r o d u c t i o n of 
more r e f i n e d t e c h n i q u e s such as t h o s e c o n s i d e r e d i n t h e a l l o c a t i o n of 
a s t r a t i f i e d s a m p l e , f o r example , o b v i o u s l y adds to t h e c o m p u t a t i o n a l 
c o m p l e x i t y of a s t u d y . As p o i n t e d o u t i n t h e s e c t i o n d e a l i n g w i t h a l l o ­
c a t i o n , t h e s t a t i s t i c a l g a i n s a r e o f t e n n o t w or th t h e added c o m p l e x i t y 
I n t he a n a l y s i s . T h i s i s n o t to i n d i c a t e t h a t improvements i n work 
s a m p l i n g p r o c e d u r e s which i n t r o d u c e more complex a n a l y s e s s h o u l d be 
a r b i t r a r i l y abandoned b e c a u s e of t h i s . I n s t e a d , new a p p r o a c h e s s h o u l d 
be e v a l u a t e d i n t e r m s of w h e t h e r o r n o t t h e y s i g n i f i c a n t l y i n c r e a s e 
t he v a l u e of t h e d a t a o r s i g n i f i c a n t l y r e d u c e t h e c o s t s of t h e s t u d y . 
I n d e e d t h e r e a r e s i t u a t i o n s where complex a n a l y s e s c a n n o t be a v o i d e d ; 
m u l t i - s t a g e work s a m p l i n g i s such a c a s e . There a r e numerous r e f i n e ­
men t s In s amp l ing t e c h n i q u e s a v a i l a b l e i n t he l i t e r a t u r e which may 
become more s u i t a b l e t o work s a m p l i n g a s e l e c t r o n i c d a t a p r o c e s s i n g 
becomes an i n t e g r a l p a r t of a sy s t em and t h e p r a c t i t i o n e r s ' l e v e l of 
s t a t i s t i c a l knowledge i s improved . In k e e p i n g w i t h t h e f o u r t h s p e c i f i c 
o b j e c t i v e l i s t e d i n C h a p t e r I , t h i s c h a p t e r t r e a t s a r e f i n e m e n t In work 
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s a m p l i n g which i s e x p e c t e d t o become more p e r t i n e n t as s y s t e m s a n a l y s e s 
become more complex . 
E l e c t r o n i c d a t a p r o c e s s i n g h a s a l r e a d y become an I m p o r t a n t t o o l 
f o r many l a r g e o r g a n i z a t i o n s and i s becoming more r e a d i l y a c c e s s i b l e 
to s m a l l e r o r g a n i z a t i o n s t h rough e l e c t r o n i c d a t a p r o c e s s i n g s e r v i c e 
c e n t e r s . The s y s terns c o n c e p t (o r o p e r a t i o n s r e s e a r c h a p p r o a c h ) has b e ­
come an i m p o r t a n t a s p e c t of top l e v e l m a n a g e r i a l p l a n n i n g and c o n t r o l 0 
I t h a s t h u s p i a c e d a u n i q u e demand on t h e management s c i e n t i s t , i n c l u d i n g 
t h e i n d u s t r i a l e n g i n e e r , f o r d a t a p e r t i n e n t t o l a r g e complex s y s t e m s of 
men, m a t e r i a l s , and e q u i p m e n t . Work s a m p l i n g has been a u s e f u l t o o l f o r 
t h e c o l l e c t i o n of such d a t a i n p a r t , b u t i n i t s t r a d i t i o n a l form ( s i m p l e 
random s a m p l i n g and b i n o m i a l t h e o r y ) i t becomes cumbersome and e x p e n s i v e 
a s t h e scope of t h e p r o b l e m e n l a r g e s . The e l e c t r o n i c compute r has a s s i s t e d 
i n t h e a n a l y s i s of s y s t e m s m o d e l s , i n c l u d i n g work s a m p l i n g d a t a ( 3 6 ) , and 
h a s r e p e a t e d l y p r o v e n i t s wor th when p r o p e r l y u t i l i z e d . T h i s c h a p t e r 
p r e s e n t s the d e v e l o p m e n t of a work s a m p l i n g model i n which s a m p l i n g i s 
p e r f o r m e d a t s e v e r a l s t a g e s of t h e p o p u l a t i o n . The c o m p u t a t i o n a l a n a l y ­
s e s of t h e d a t a o b t a i n e d i n such a f a s h i o n can b e s t be h a n d l e d by com­
p u t e r s and t he method would n o t g e n e r a l l y be employed where such f a c i l i ­
t i e s a r e n o t a v a i l a b l e . 
The c o l l e c t i o n of d a t a p e r t i n e n t t o t o t a l s y s t e m s h a s become more 
i m p o r t a n t t o d a y t h a n In t h e p a s t f o r p u r p o s e s of b u d g e t i n g , p l a n n i n g , 
s t a f f i n g , c o n t r o l , and many o t h e r b r o a d m a n a g e r i a l f u n c t i o n s . Thus , 
tcoj-S f o r o b t a i n i n g and e v a l u a t i n g such d a t a a r e of s p e c i a l i n t e r e s t . 
M u i t i - s t a g e s a m p l i n g methods i n work s a m p l i n g o f f e r t h e i n d u s t r i a l e n g i ­
n e e r an e f f e c t i v e , e c o n o m i c a l , and s t a t i s t i c a l l y v a l i d t o o l which can be 
a p p l i e d t c t h e complex p r o b l e m s of d a t a c o l l e c t i o n and a n a l y s i s a t t h e 
b r o a d e r sys t ems l e v e l when comput ing f a c i l i t i e s a r e a t h i s d i s p o s a l 0 
T h i s method of s a m p l i n g h a s been used s u c c e s s f u l l y In o t h e r f i e l d s of 
e n d e a v o r i i p s 20 , 31) and has p r o v e n tc be v e r y e f f e c t i v e . I t s major 
c h a r a c t e r i s t i c I s t h a t i n s t e a d of t a k i n g a s i n g l e sample of the u l t i m a t e 
s a m p l i n g u n i t s In a p o p u l a t i o n , one can do e q u a l l y as w e i i i n t e r m s of 
e s t i m a t o r s w i t h c a l c u l a b l e p r e c i s i o n , and c o n s i d e r a b l y b e t t e r e c o n o m i ­
c a l l y , to " n e s t " t h e p o p u l a t i o n In s e v e r a l s t a g e s and sample each s t a g e 
s u c c e s s i v e l y u n t i l t h e u l t i m a t e u n i t o f ' i n t e r e s t i s s a m p l e d . The s a m p u n 
can be c a r r i e d o u t i n v a r i o u s ways , d e p e n d i n g p r i m a r i l y on w h e t h e r o r n o t 
e s t i m a t e s c i t he p a r a m e t e r s u n d e r s t u d y a r e d e s i r e d a t each s t a g e o r j u s t 
f o r t h e o v e r a l l s t u d y 0 Fo r example , a l a r g e m a n u f a c t u r e r w i t h m u l t i p l e 
f a c t o r i e s migh t be I n t e r e s t e d i n knowing t h e p r o p o r t i o n of t o t a l s u p e r ­
v i s o r y t ime which i s s p e n t i n the s t a t e " i n s t r u c t s u b o r d i n a t e s " In the 
t o t a l o r g a n i z a t i o n c An e s t i m a t e of t h i s f a c t o r ( a s w e l l a s o t h e r s ) 
c o u l d be o b t a i n e d by s a m p l i n g , i n t u r n , f a c t o r i e s , d i v i s i o n s w i t h i n 
f a c t o r i e s , d e p a r t m e n t s w i t h i n d i v i s i o n s , o f f i c e s w i t h i n d e p a r t m e n t s , 
i n d i v i d u a l s w i t h i n o f f i c e s , t ime p e r i o d s of t h e i n d i v i d u a l s ' a c t i v i t i e s , 
and i n s t a n t s w i t h i n t h e s e p e r i o d s . T h i s c h a p t e r w i l l g i v e t h e p e r t i n e n t 
p r o c e d u r e f o r d e v e l o p i n g work s a m p l i n g models to be u s e d I n such b r o a d 
s t u d i e s and w i l l d i s c u s s the c o s t a n a l y s e s n e c e s s a r y f o r d e t e r m i n i n g t h e 
o p t i m a l amounts of s a m p l i n g a t each s t a g e where p o s s i b l e . 
There i s c o n s i d e r a b l e f l e x i b i l i t y i n s e l e c t i n g a method of sam­
p l i n g a t each s t a g e ( u s u a l l y one of t h e p r o c e d u r e s p r e s e n t e d In the p r e ­
c e d i n g c h a p t e r s ) ; however i n t h i s c a s e i t i s n o t p o s s i b l e to d e v e l o p a 
s i n g l e g e n e r a l e s t i m a t o r and i t s v a r i a n c e 0 The method of s a m p l i n g In 
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s t a g e s a l s o becomes mere complex i f t h e u n i t s a t a g i v e n s t a g e a r e n o t 
e q u a l i n s i z e . The e x p r e s s i o n s f o r such e s t i m a t o r s a r e f u n c t i o n s of t h e 
s a m p l i n g schemes chosen a t t h e v a r i o u s l e v e l s of s a m p l i n g . For example , 
i f t h e r e a r e f o u r l e v e l s of s amp l ing and f o u r s a m p l i n g schemes to choose 
from a t each l e v e l , t h e n t h e r e a r e two h u n d r e d and f i f t y - s i x u n i q u e e s t i ­
m a t o r s p o s s i b l e , d e p e n d i n g on t h e s a m p l i n g scheme used a t e ach l e v e l • 
The c o m p l e x i t y of f o r m u l a t i n g the e s t i m a t o r and i t s v a r i a n c e f o r 
t h e o v e r a l l model i s d i r e c t l y r e l a t e d t o t h e c o m p l e x i t y of t h e components 
of v a r i a n c e c o n t r i b u t e d by t h e s a m p l i n g schemes used a t t h e v a r i o u s 
l e v e i s of s a m p l i n g . Because of t h i s f a c t , s i m p l e random s a m p l i n g w l l i 
be p r e f e r r e d a t a g i v e n s t a g e u n l e s s s i g n i f i c a n t g a i n s a r e o b v i o u s l y 
p o s s i b l e when a more complex form of s a m p l i n g i s u s e d . The a p p r o a c h i n 
t h i s c h a p t e r w i l l be t o p r e s e n t a g e n e r a l model e q u a t i o n somewhat as i n 
t h e a n a l y s i s of v a r i a n c e v t o w r i t e t h e e x p r e s s i o n f o r the g e n e r a l e s t i ­
m a t o r and i t s v a r i a n c e when s i m p l e random samp l ing i s u s e d a t a l l s t a g e s , 
and to show how d e v i a t i o n s from t h i s g e n e r a l scheme a f f e c t t h e r e s u l t i n g 
e s t i m a t o r s and t h e i r p r o p e r t i e s . 
M u l t i - S t a g e Work Sampl ing 
The o b s e r v a t i o n s on an a c t i v i t y when r s t a g e s of s a m p l i n g a r e 
u s e d may be w r i t t e n a s f o l l o w s : 
X a b o . . „ „ „ r - - ^ + a a + P ( a ) b + + ' ( a . „ „ „ q ) r ' ( l l 7 ) 
i n which u. r e p r e s e n t s the g e n e r a l a v e r a g e common t o a l l o b s e r v a t i o n s 
and each s u c c e s s i v e t e r m i n t h i s g e n e r a l e q u a t i o n r e p r e s e n t s t he c o n t r : 
b u t l o n of the* s t a g e of s a m p l i n g r e p r e s e n t e d by t h e l a s t l e t t e r i n t h e 
-H9 
s u b s c r i p t . Nc te t h a t t h e s u b s c r i p t n o t a t i o n i s t h a t f o r n e s t e d f a c t o r s 
I n an a n a l y s i s of v a r i a n c e s i n c e each s u c c e s s i v e s t a g e i s c o m p l e t e l y 
n e s t e d i n t he p r e v i o u s s t a g e s . N e s t e d i n t h i s s e n s e s i m p i y means t h a t 
a g i v e n s u b s c r i p t i s r e p r e s e n t e d In each r e a l i z a t i o n of ai± s u c c e s s i v e 
s u b s c r i p t s . 
In i t s s i m p l e s t form, m u l t i - s t a g e work: s a m p l i n g can be d e p i c t e d 
by the method of c h o o s i n g a s a m p l i n g u n i t d i s c u s s e d In C h a p t e r I I I . The 
method of c h o o s i n g random m i n u t e s ( w i t h r e p l a c e m e n t ) and t h e n random 
i n s t a n t s w i t h i n t h e m i n u t e s chosen amounted t o a s i m p l e random s e l e c t i o n 
of i n s t a n t s o In e s s e n c e , t h e p r o c e d u r e was c a r r i e d o u t b y s a m p l i n g a t 
two s t a g e s , m i n u t e s and i n s t a n t s . I t would have been p o s s i b l e t o 
choose m i n u t e s a t random w i t h o u t r e p l a c e m e n t and I n s t a n t s w i t h i n m i n ­
u t e s and then to e x p r e s s t h e v a r i a n c e of t h e e s t i m a t o r , p^ as a sum of 
two components of v a r i a n c e —» t h e be tween m i n u t e s component and t h e w i t h i n 
m i n u t e s component . The model e q u a t i o n i n t h a t c a s e would have been 
X a b " ^ = Q a + P ( a ) b > 
i n which (X r e p r e s e n t s a v a r i a t i o n due t o m i n u t e s and j3 , r e p r e -
a ( a j b 
s e n t s a v a r i a t i o n due t o i n s t a n t s w i t h i n m i n u t e s . O b v i o u s l y , the r e s u l t 
would n o t have been s i m p l e random work s a m p l i n g (which was t h e model p r e ­
s e n t e d I n C h a p t e r I I I ) and t h e added c o m p l e x i t y of s a m p l i n g i n s t a g e s 
would have p r e c l u d e d i t s u se i n t h a t c a s e . A l s o , i n c l u s t e r work s a m p l i n g 
( C h a p t e r V ) , i f c l u s t e r s a r e n o t c o m p l e t e l y e n u m e r a t e d , f u r t h e r s a m p l i n g 
from t h e c l u s t e r s drawn i n t o the sample would r e s u l t I n a two s t a g e sam­
p l i n g scheme. T h i s a p p r o a c h migh t be p r e f e r r e d i f i t were n o t d e s i r a b l e 
to r e c o r d t h e s t a t u s of each s u b j e c t i n a c l u s t e r due t o t h e s i m i l a r i t y 
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c f tne o b s e r v a t i o n s o The i d e a of s a m p l i n g i n s t a g e s i s c l e a r l y e v i d e n t 
from t h e s e e x a m p l e s . In g e n e r a l , the r e a s o n s f o r u s i n g m u i t i - s t a g e 
s a m p l i n g a r e synonymous w i t h the r e a s o n s advanced i n d i s c u s s i n g t h e 
c h o i c e of a s a m p ^ n g u n i t i n C h a p t e r H I — a d m i n i s t r a t i v e c o n v e n i e n c e 
and r e d u c e d c o s t s i n a d m i n i s t a r i n g t h e s t u d y . 
With the i n t r o d u c t i o n of a m u _ l t i - s t a g e work s a m p l i n g mode l , i t 
becomes mere e v i d e n t why work s a m p l i n g was c a s t i n te rms of f i n i t e p o p ­
u l a t i o n s a m p l i n g i n t he e a r n e r p o r t i o n s of t h i s s t u d y . A l l b u t t h e 
f i r i a i s t a g e of s a m p l i n g i n m u i t l - s t a g e work s a m p l i n g w i l l be from f i n i t e 
p o p u l a t i o n s and due t c t h e l i m i t e d s i z e s of the p o p u l a t i o n s e x p e c t e d a t 
t h e s e l e v e l s , t h e c o r r e c t i o n f a c t o r s f o r t h i s method of s a m p l i n g w i l l 
g e n e r a l l y have t o be i n c l u d e d i n the v a r i a n c e c a l c u l a t i o n s . The f i n a l 
s t a g e w i l l i n v o l v e the s a m p l i n g of i n s t a n t s of which t h e r e i s a lways 
assumed to be an i n f i n i t e number. These c o n c e p t s w i l l be more o b v i o u s 
a s t he c o n s t r u c t i o n of a s a m p l i n g modei p r o g r e s s e s . 
As I n d i c a t e d e a r l i e r , t h e u se of m u l t i - s t a g e work s a m p l i n g i s 
x i k e i y to be a p p l i c a b l e o n l y a t t h e b r o a d e r l e v e l s of d a t a c o l l e c t i o n 
and a n a l y s i s . The i n c r e a s i n g emphas i s on t h i s t y p e of s t u d y , however> 
i s e v i d e n t . A l s o , t h e p h a s e s of a c t i v i t y which a r e of i n t e r e s t w i l l be 
b r o a d s i n c e t h e y must be common t o a l l segments of the p o p u l a t i o n . Such 
p h a s e s c f a c t i v i t y a s I d l e t ime 5 . t e l e p h o n e u s a g e } c o n f e r e n c e s w i t h s u b ­
o rd ina t e s . . , e t c . , . would be t y p i c a l . The measurement of t h e p r o p o r t i o n s 
of t ime s p e n t i n such s t a t e s of a c t i v i t y t h r o u g h t h e employment of 
m u l t i - s t a g e s a m p l i n g t e c h n i q u e s r e q u i r e s t h a t t h e t o t a l p o p u l a t i o n be 
d i v i d e d i n t o a number of m u t u a l l y e x c l u s i v e f i r s t s t a g e u n i t s , , t h a t each 
of t h e s e u n i t s be f u r t h e r d i v i d e d i n t o a number of m u t u a l l y e x c l u s i v e 
151 
second s t a g e u n i t s , , t h e s e i n t u r n must be d i v i d e d i n t o a number of t h i r d 
s t a g e u n i t s , e t c . , f o r a s many l e v e l s o r s t a g e s of t h e a c t i v i t y as t h e 
g i v e n s i t u a t i o n d i c t a t e s 0 The s a m p l i n g c f such a p o p u l a t i o n i s s i m p l e s t 
when u n i t s a t a g i v e n s t a g e a r e a l l e q u a l i n s i z e and a r e sampled i n a 
s i m p l e random manner w i t h e q u a l s i z e s u b s a m p l e s from each u n i t . Whi le a 
work s a m p l i n g p o p u l a t i o n i s se ldom e x p e c t e d t o meet t h i s r e q u i r e m e n t i n 
i t s n a t u r a l s t a t e , i t i s c o n c e i v a b l e t h a t t h e u n i t s may somet imes be r e ­
d e f i n e d t o a p p r o x i m a t e t h i s s i t u a t i o n . In t h e deve lopmen t which f o l l o w s , 
t h i s c a s e w i l l be u s e d a s a f o c a l p o i n t f o r I n t r o d u c i n g more r e a l i s t i c 
p o p u l a t i o n s t r u c t u r e s and s amp l ing s c h e m e s . T h i s a p p r o a c h w i l l a f f o r d a 
means f o r o b s e r v i n g t h e n a t u r e c f t h e c o m p l e x i t i e s i n t r o d u c e d by w h a t e v e r 
v a r i a t i o n s from t h e g e n e r a l model may be e n c o u n t e r e d . 
E s t i m a t o r s f o r t h e G e n e r a l M u l t i - S t a g e Model 
The p r o p o r t i o n s of t o t a l t i m e d e v o t e d t o w e l l d e f i n e d e l e m e n t s of 
an a c t i v i t y c o n t i n u e t o b e t h e p a r a m e t e r s of i n t e r e s t . The e s t i m a t e s of 
t h e s e p a r a m e t e r s (p,^ i s an e s t i m a t e of P ^ , t he p r o p o r t i o n of t ime 
s p e n t p e r f o r m i n g t h e i t h e l e m e n t ) a r e f u n c t i o n s of s a m p l e s of o b s e r ­
v a t i o n s made on t h e a c t i v i t y a t random p o i n t s i n t i m e . As i n t h e p r e ­
v i o u s m o d e l s , t h e d i f f e r e n c e b e i n g i n t r o d u c e d i s i n t h e s a m p l i n g p l a n . 
A t h r e e s t a g e sample w i l l be u s e d l a t e r f o r I l l u s t r a t i n g t h e c o s t s i n ­
v o l v e d i n a s p e c i f i c m u l t i - s t a g e work s a m p l i n g a p p l i c a t i o n ; however , 
e x p r e s s i o n s of t h e e s t i m a t o r s and t h e i r v a r i a n c e s w i l l f i r s t be g i v e n 
f o r a g e n e r a l r s t a g e p o p u l a t i o n . The a c t u a l number of s t a g e s p o s s i b l e 
i n a s t u d y i s u n l i m i t e d b u t would be e x p e c t e d t o be o n l y a few i n most 
work s a m p l i n g s i t u a t i o n s . The f i r s t s t a g e o r l e v e l of t h e p o p u l a t i o n 
i n an r s t a g e s a m p l i n g p l a n would c o n s i s t of I\L u n i t s numbered 
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a - i ; , 2 ; ; . « o j N^, a t t h e second s t a g e each of t h e s e N.̂  u n i t s would 
c o n s i s t of u n i t s numbered b - I , 2 , . 0 0 , N , e t c D , and a t t h e r t h 
s t a g e , each of t h e ( r - l ) s t s t a g e u n i t s would c o n s i s t of N. u n i t s 
numbered r ~ l , 2 r » o j N. 0 The v a l u e of a c h a r a c t e r i s t i c a t , s a y , the' 
r t h i n s t a n t of t i m e f o r t h e ( r - l ) s t w o r k e r ' s a c t i v i t y , 0 0 0 , i n t h e 
k e e p i n g w i t h t h e g e n e r a l mode l 0 T h i s would be a z e r o - o n e v a r i a b l e , i t s 
v a l u e d e p e n d i n g on w h e t h e r o r n o t t h e Xth s t a t e of t h e a c t i v i t y was 
o b s e r v e d . O t h e r s t a t e s c f t h e a c t i v i t y would be d e n o t e d s i m i l a r l y a s 
Y , e t c . The p o p u l a t i o n of u n i t s a t t h e f i n a l s t a g e of t h e a c t i v -
aoc o o o r 
i t y can be assumed t o c o n s i s t of an I n f i n i t e number of I n s t a n t s (N = oo) 
w h i l e t h e p o p u l a t i o n s i z e a t a l l o t h e r s t a g e s would be f i n i t e . F i n i t e 
n o t a t i o n f o r s a m p l i n g a t t h e l a s t s t a g e w i l l be u sed i n t h e deve lopmen t 
of t h e e s t i m a t o r s , a s i n t h e e a r l i e r m o d e l s , and t h e l i m i t a s t h e s i z e 
of t h e p o p u l a t i o n a t t h i s s t a g e a p p r o a c h e s i n f i n i t y w i l l s u b s e q u e n t l y be 
u s e d . 
The p r o p o r t i o n of t h e t o t a l p o p u l a t i o n of t ime s p e n t i n s t a t e X 
would be 
b t h d e p a r t m e n t c f the a t h f a c t o r y would be d e s i g n a t e d X 
abCo o D r m 
r 
N 1 N 2 N r 
X 
abc r 
P - a ^ l b « l (118) 
N 
r 
An e s t i m a t e of t h i s p r o p o r t i o n of t i m e d e v o t e d to t h e Xth s t a t e of 
t h e a c t i v i t y would be 
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n„, n n 
1 2 r 
l_j ' a ^ c c c c r 
a = l b - 1 r = l / v i n v p — __ , ( 1 ± 9 ) 
n - n 0 - o u n -L/C r 
I n wh ich n^. I s t h e sample s i z e a t t h e k t h s t a g e of t h e a c t i v i t y . 
The p r o d u c t of t h e s e sample s i z e s f o r a l l s t a g e s of t h e p o p u l a t i o n I s 
t h e t o t a l number of i n s t a n t a n e o u s o b s e r v a t i o n s made on t h e a c t i v i t y . 
The e s t i m a t o r , , p , i s an u n b i a s e d e s t i m a t o r c f t h e p a r a m e t e r P 
s i n c e s i m p l e random s a m p l i n g I s assumed a t each s t a g e , I f methods o t h e r 
t h a n s i m p l e random s a m p l i n g a r e u s e d , t h e o b s e r v a t i o n s which make up t h e 
e s t i m a t o r must be w e i g h t e d p r o p e r l y t o I n s u r e u n b l a s e d n e s s . T h i s p r a c ­
t i c e I s I l l u s t r a t e d i n t h e c a s e s which f o l l o w t h e g e n e r a l mode l 0 
The v a r i a n c e c f t h e e s t i m a t o r i s made up of c o n t r i b u t i o n s from each 
s t a g e of s a m p l i n g , t h e components b e i n g d i r e c t l y a d d i t i v e I f t h e s a m p l i n g 
a t each s t a g e i s i n d e p e n d e n t , a r e q u i r e m e n t which i s e a s i l y f u l f i l l e d . 
The v a r i a n c e e x p r e s s i o n f o r t he e s t i m a t o r g i v e n i n e q u a t i o n (119) I s 
o b t a i n e d by an e x t e n s i o n of a form g i v e n by Cochran ( 1 5 , p . 230) a s ; 
2 N-, - n n „ N 9 - n n « N, N ? . „ 0N -n n . „ „n 2 A. 1 q2 1 2 1_2 ^ + + i ^ L 120) 
p " V l 1 V 2 V 2 2 N 1 N 2 . 0 . N r n 1 n 2 . B . n r r > 
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I n which Sn i s t h e v a r i a n c e of t h e component a s s o c i a t e d w i t h t h e u n i t s k 
a t t h e k t h s t a g e of s a m p l i n g . These components of v a r i a n c e r e f l e c t t h e 
a s s u m p t i o n of s i m p l e random samp l ing of e q u a l s i z e u n i t s a t e ach l e v e l u 
S i n c e t h e e s t i m a t o r and i t s v a r i a n c e depend upon t h e t y p e s of s a m p l i n g u s e d 
a t each l e v e l , t h e s e c a n n o t be d e t e r m i n e d In a m u l t i - s t a g e work s a m p l i n g 
model u n t i l a f t e r t h e c h o i c e s of s a m p l i n g schemes have been made a t each 
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l e v e l of sampl ing„ 
The v a r i a n c e e x p r e s s i o n s , S^ , a r e t h e v a r i a n c e s among t h e N .̂ 
u n i t s a t t h e k t h s t a g e of sampl ing„ These p o p u l a t i o n v a r i a n c e s , 
wh ich have t o be e s t i m a t e d t o g i v e an e s t i m a t e of S^, e q u a t i o n ( 1 2 0 ) , 
have been d e f i n e d f o r a t h r e e s t a g e sample by Cochran ( 1 5 , ,p° 230) I n 
a n a l y s i s - of v a r i a n c e t e r m i n o l o g y . An e x t e n s i o n to t h e g e n e r a l c a s e of 
r s t a g e s i s as f o l l o w s : 
d . f . m0 s 
Between 1 s t 
s t a g e u n i t s N. - 1 
_a=l 
V 1 
S 2 + N S 2 n + r p r - i 
o o o+N N _ o o o N / S 2 + r r - 1 4 3 
Between 2nd ^ ^ 
s t a g e u n i t s 1 2 
N l N 2 
N Q N / O U O N 5 4 r 
a - 1 b = l 
N ( H 2 - l ) 
2 2 
S r + V r - 1 + . 
Between 3rd N N / N _ 1 \ 
s t a g e u n i t s 1 2'' 3 
N,N,.o „ oN 4 5 r 
! l N 2 ! 3 
( P a b c - P a b > 
a - i b= I c--l 
N i N 2 ( N 3 - l } 
S 2+N S 2 , + 0 0 0 r r r - 1 
•4J N n o o o N , S 2 _ r r - 1 4 3. 
Between r t h , y a=a b = l c = l 
s t a g e u n i t s 1 2 r « l v r ' 
L \ L- l ( P a b c . 0 O r - P a b c . t o r - l ) ' 
3=1 l r = l 
-. N _ N . o oN r -, (N - 1 ) 1 2 3 r - i v r ' 
E s t i m a t e s of t h e mean s q u a r e s In t h e above a r r a y a r e e a s i l y o b t a i n e d 
by s u b s t i t u t i n g sample v a l u e s f o r t h e p o p u l a t i o n p a r a m e t e r s . Fo r example 
n ; 1 
n 2 n y o . n r ^ ( p ^ p ) 2 
MSn ^ — , (121) 
1 n • A. 
i s an u n b i a s e d e s t i m a t e of t he mean s q u a r e f o r be tween f i r s t s t a g e u n i t s . 
The e x t e n s i o n to t h e o t h e r mean s q u a r e s may be a c c o m p l i s h e d w i t h no d i f f i 
c u l t y . Hence , an u n b i a s e d e s t i m a t e of t h e v a r i a n c e of p , t he e s t i m a t o r 
from a m u l t i - s t a g e work s ample , can be o b t a i n e d from t h i s s e r i e s of mean 
s q u a r e e s t i m a t e s , and i s : 
s
2 _ £ 2 1 
P P n 1 n 2 . , „ n r v N i J 1 V N 2 A N J 2 
. N 3 A w 3 V N r A » l ¥ 3 - > > J r -
The p r o o f of t h i s s t a t e m e n t i s o b t a i n e d by s u b s t i t u t i n g t h e e x p e c t e d 
v a l u e s of t h e MS i n t o e q u a t i o n (122) t o y i e l d e q u a t i o n ( l 2 0 ) o 
K. 
E q u a t i o n s (118) and (120) r e p r e s e n t t he t r u e v a l u e s of P and t h e 
v a r i a n c e of t h e e s t i m a t o r g i v e n i n e q u a t i o n (119)° E q u a t i o n (122) g i v e s 
an u n b i a s e d e s t i m a t e of t h i s t r u e v a r i a n c e and p r o v i d e s t h e means f o r 
e s t i m a t i n g t h e f r a c t i o n P and i t s v a r i a n c e f o r t h e g e n e r a l m u l t i - s t a g e 
work s a m p l i n g m o d e l 0 These e s t i m a t e s may be u s e d , a s i n p r e v i o u s m o d e l s , 
f o r s e t t i n g c o n f i d e n c e I n t e r v a l e s t i m a t e s on t h e p a r a m e t e r s . 
A c o s t a n a l y s i s s i m i l a r t o t h o s e f o r p r e v i o u s models can be made 
t o d e t e r m i n e t h e o p t i m a l amounts of s a m p l i n g a t each s t a g e . T h i s a n a l y s l 
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I s I n d i c a t e d In t he n e x t s e c t i o n , and I s r e s t r i c t e d t o a t h r e e s t a g e 
model i n o r d e r to make t h e p r o c e d u r e more e x p l i c i t ; i t can be e x t e n d e d 
i n an o b v i o u s way. 
M u l t i - S t a g e Des ign C o n s i d e r i n g E i t h e r a C o s t o r a V a r i a n c e C o n s t r a i n t 
The p r i m a r y o b j e c t i v e i n d e s i g n i n g t h e sample f o r m u l t i - s t a g e 
work s a m p l i n g i s t h e m i n i m i z a t i o n of c o s t s f o r s t a t e d d e g r e e s of p r e c i s ­
i o n , o r c o n v e r s e l y , t h e m a x i m i z a t i o n of p r e c i s i o n f o r s t a t e d l e v e l s of 
c o s t s . The optimum d e s i g n from an o v e r a l l c o s t s t a n d p o i n t w i t h o u t 
r e g a r d t o t h e p r e c i s i o n of t h e e s t i m a t o r would be t h e s e t of sample 
v a l u e s (one f o r each s t a g e j which a c h i e v e d minimum t o t a l c o s t . These 
t h r e e segments of t h e c o s t p rob l em a r e t r e a t e d h e r e ) ; i n t h e above o r d e r . 
Cos t components r ema in t h e same a s i n p r e v i o u s models and the 
c o s t n o t a t i o n I n t r o d u c e d i n t h e p r e v i o u s c h a p t e r s i s s t i l l s u f f i c i e n t . 
C^ r e p r e s e n t s t h e f i x e d c o s t s of t h e s t u d y , G g i s t h e s a m p l i n g c o s t s , 
and C g r e p r e s e n t s t h e c o s t of " l o s s e s due t o e r r o r " i n t h e e s t i m a t e . 
The f a c t o r C-̂  w i l l n o t i n f l u e n c e t h e sample d e s i g n , and C g w i l l 
c o n t i n u e t o be t a k e n a s t h e e x p e c t e d l o s s due t o e r r o r Where t h e l o s s 
2 
f u n c t i o n i s ce . The e x p e c t e d v a l u e of t h i s l o s s , I t w i l l be r e c a l l e d , 
2 
i s j u s t CGp. The s t r u c t u r e of C g w i l l r e f l e c t t h e c o s t of s amp l ing 
a t t h e v a r i o u s l e v e l s In t h e p o p u l a t i o n . Assuming t h a t c^ i s t h e 
c o s t of a s i n g l e o b s e r v a t i o n a t t h e i t h l e v e l , C may be w r i t t e n 
s 
a s f o l l o w s ; 
C - c_n n + c 0 n n n 0 + c ^ n . n ^ . (123) s 1 1 2 1 2 3 1 2 3 
The t o t a l c o s t e q u a t i o n f o r t h e m u l t i - s t a g e model i s 
Vyl 
C.. + C + C (124) i s e 
r N i - n i 2 
-, C ± + + c 2 n . n 2 + c 3 n ± n 2 n 3 + c ^ — S± 
+ i ^ l 2 s 2 + i <t j _ x 2 ^ s ^ I 
N N..n n 0 2 N N N n n n , 3 ° 1 *i i 2 1 ^ J i 2 ; > 
A w e l l - k n o w n p r o c e d u r e i s u sed f o r o p t i m i z i n g t h e sample d e s i g n s u b ­
j e c t t o a s t a t e d c o n s t r a i n t ( l : ; , p . 225ff} . For the p u r p o s e s of t h i s 
a n a l y s i s , we l e t k,; - n-p k 2 - n - ; n 2 s and - n ^ n 2 n ^ Q Then f o r a 
s t a t e d p r e c i s i o n i n p <, s a y v , t o min imize t h e t o t a l c o s t of t h e 
s t u d y , we u s e t h e Lagrange m u l t i p l i e r and min imize 
(125j 
b y d i f f e r e n t i a t i n g w i t h r e s p e c t t o e a c h k^ and s o l v i n g t h e r e s u l t i n g 
e q u a t i o n s f o r n-^, n 2 , and n.y (Note t h a t t h e t e rms i n t h e c o s t equa­
t i o n which do n o t a p p e a r i n e q u a t i o n (125) a r e c o n s t a n t and hence drop 
o u t when d e r i v a t i v e s a r e t a k e n 0 ) The r e s u l t i n g e q u a t i o n s a r e : 
f £ - , - o., - - \ - S? - 0 (126) 
S k l 1 kf 1 
c£ _ _A_ s 2 - 0 
9 k 2 - - C 2 - k 2 2 -
dG n A c 2 r, 
3 k 3 3 \ \ 3 
From t h e s e e q u a t i o n s we g e t 
k / — S -- n_n 
2 J c 2 2 1 2 
3 A / C . ^ ^ 3 
and 
k9 
n 2 " n 
2 
2 i 
n 3 k. 
2 ^ S 2 
The v a l u e of n I s o b t a i n e d by s u b s t i t u t i n g t h e above v a l u e s of n 1 t/ & 2 
and n^ i n t o t h e e x p r e s s i o n f o r t h e v a r i a n c e s which was f i x e d a t v 0 
The r e s u l t i s as f o l l o w s % 
,T _ /_!_ 1 \ n2 f 1 i 1 1 \ g 2 
\ n l " V 1 K ' ^ " 2 \ n l n ^ 3 N 1 N 2 N 3 J 3 ' 
s 2 s 2 s 2 s 2 g2 s 2 
1 1 2 1 2 3 1 1 2 1 2 3 
n.. <S 2
 S A ^ . S 1 S 3 ^ 
1 
1 v v i ' , / r ^ 7 
The v a l u e s c f n. , n , and n can b e e v a l u a t e d u s i n g e s t i m a t e s of 
1 2 3 
2 2 2 
S p S^y and p r o v i d e d by e q u a t i o n (121) from a p r e v i o u s s e t of 
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d a t a o r from a p r e l i m i n a r y s t u d y . 
I n s t e a d of m i n i m i z i n g the t o t a l c o s e c f a s t u d y s u b j e c t to a 
f i x e d v a r i a n c e f o r t h e e s t i m a t o r , i t may be d e s i r a b l e t o f i x t h e t o t a l 
c o s t a t . s a y T, and f i n d t he sample s i z e s which min imize t h e v a r i a n c e 
of t h e e s t i m a t o r s u b j e c t t o t h i s c o n s t r a i n t . Th i s may be a c c o m p l i s h e d 
in t h e same manner t h a t was used i n t h e p r e v i o u s p r o b l e m . The p r o c e d u r e 
i n t h i s c a s e i s t o min imize 
G - A < C + It, c_ + k,,c.„ + k Q c 2 + c ] 1 1 1 2 <L 5 j .27) 
s 2 
- 1 - m * 
2 l k N l N 2 N 3 l 3 
w i t h r e s p e c t t o k.^:; kv, ? and k^ and a g a i n s o l v e f o r the v a l u e s of 
n„ , n „ , and n..,. I t f o l l o w s t h a t l y 2J 3 
n 0 = — = — -
2 n i s , y s : 
^ 2 ... S 3 V ^ 2 
" 3 ~ k 2 ~ S 2 < / ^ 
The v a l u e of n^ i s found by s o l v i n g t h e t o t a l c o s t e q u a t i o n , which was 
s e t e q u a l t o T. I t f o l l o w s t h a t 
T = C I + V C 1 + n 2 c 2 + W 3 > + ^ { ° ^ 1 + T2 + n ^ ) } " 
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A c c u m u l a t i n g t h e t e r m s n o t i n v o l v i n g sample s i z e s and d e s i g n a t i n g t h i s 
c o n s t a n t as B, i a e . , 
and s u b s t i t u t i n g f o r n^ and n , we can r e w r i t e t h e e x p r e s s i o n a s a 
q u a d r a t i c f u n c t i o n i n n^ as f o l l o w s " 
1 y ^ r ^ ~ j j 
f rom which 
n -
-B ± , / B 2 » 4AD 
1 2A 
t e d These e x p r e s s i o n s f o r n_^, n , ^ and n^ can be e v a l u a t e d as i n d i c a 
p r e v i o u s l y by e s t i m a t i n g t h e v a r i a n c e , S , u s i n g e q u a t i o n ( 1 2 1 ) . As 
K. 
b e f o r e , t h i s i s u s u a l l y a c c o m p l i s h e d by u s i n g d a t a from p r e v i o u s s t u d i e s , 
a l t h o u g h a p r e l i m i n a r y s t u d y may be c o n d u c t e d f o r t h i s p u r p o s e 0 
I t s h o u l d be n o t e d t h a t optimum sample s i z e s f o r t h e two c a s e s 
p r e s e n t e d above a r e t h e same f o r a l l l e v e l s of s a m p l i n g e x c e p t t h e 
f i r s t . I f t h i s p r o c e d u r e i s e x t e n d e d t o t h e g e n e r a l r s t a g e c a s e s 
t h e optimum sample s i z e f o r t h e k t h s t a g e (k > l ) I s 
" K = , (128) 
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and t h e v a l u e of n^ I s a lways o b t a i n e d by s o l v i n g t h e c o s t o r v a r i a n c e 
e q u a t i o n , w h i c h e v e r h a s been c o n s t r a i n e d . 
I f t h e r e a r e no c o s t o r v a r i a n c e c o n s t r a i n t s on t h e p r o b l e m 
(which i s u n l i k e l y ) , t h e c o s t of t h e s t u d y i s min imized by t a k i n g p a r ­
t i a l d e r i v a t i v e s of e q u a t i o n (124.) w i t h r e s p e c t t o each n^ and s o l v i n g 
t h e r e s u l t i n g s e t of e q u a t i o n s s i m u l t a n e o u s l y f o r t h e optimum sample s i z e 
a t e a c h ' l e v e l o 
D e v i a t i o n s from t h e G e n e r a l Model 
The r e s t r i c t i o n s p l a c e d on t h e f o r e g o i n g deve lopmen t of a g e n e r a l 
m u l t i - s t a g e work s a m p l i n g model , v i z . , t h a t u n i t s a r e e q u a l In s i z e a t 
any s p e c i f i e d l e v e l of s a m p l i n g and t h a t s i m p l e random s a m p l i n g i s u sed 
a t e a c h l e v e l , s e v e r e l y l i m i t s i t s a p p l i c a t i o n . N e v e r t h e l e s s , t h i s 
g e n e r a l model p r o v i d e s a f o c a l p o i n t a round which d i s c u s s i o n may b e 
b a s e d whenever d e v i a t i o n s a r e made from t h e g e n e r a l c a s e . I f u n i t s of 
a p p r o x i m a t e l y t h e same s i z e a r e formed a t each s t a g e , and i f s i m p l e 
random s a m p l i n g i s u s e d e x c l u s i v e l y , t h e g e n e r a l model w i l l be a p p l i ­
c a b l e i n p r o v i d i n g a. good a p p r o x i m a t e s o l u t i o n . In t h i s c a s e , t h e 
a v e r a g e s of u n i t s i z e s a t each s t a g e a r e u sed a s i n C h a p t e r V where 
a v e r a g e c l u s t e r s i z e s were s u g g e s t e d . 
The major d e v i a t i o n s from t h e g e n e r a l model which a r e e x p e c t e d 
t o o c c u r i n a c t u a l p r a c t i c e f a l l i n t o two b r o a d c a t e g o r i e s : ( l ) U n i t s 
a t a g i v e n s t a g e may v a r y i n s i z e , and (2) Methods o t h e r t h a n s i m p l e 
random s a m p l i n g may be used a t some s t a g e ( s ) . The l a t t e r d e v i a t i o n i s 
e a s i e s t t o cope w i t h i n t e r m s of showing i t s i n f l u e n c e on t h e e s t i m a t o r 
and i t s c h a r a c t e r i s t i c s . Adequate t h e o r y e x i s t s f o r u t i l i z i n g methods 
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o f s a m p l i n g o t h e r t h a n s i m p l e random s a m p l i n g i n a m u l t i - s t a g e p o p u l a ­
t i o n . However, when u n i t s v a r y i n s i z e , e x p l i c i t methods of c o s t o p t i ­
m i z a t i o n a r e n o t a v a i l a b l e , a l t h o u g h numerous e s t i m a t o r s and t h e i r 
v a r i a n c e s have been d e v e l o p e d f o r u s e i n t h i s c a s e ( 1 5 , C h a p t e r 1 1 ) . 
The o b j e c t i v e of t h i s s e c t i o n w i l l be t c shew t h e a p p r o a c h where 
d e v i a t i o n s can be a d e q u a t e l y t r e a t e d , and to I n d i c a t e t h e n a t u r e of t h e 
c o m p l e x i t i e s i n t r o d u c e d i n o t h e r c a s e s . The i n f l u e n c e of u s i n g methods 
of s a m p l i n g o t h e r t h a n s i m p l e random s a m p l i n g w i l l be t r e a t e d f i r s t . 
V a r i a t i o n s i n Sampl ing Scheme 
As I n d i c a t e d e a r l i e r , i t i s c o n c e i v a b l e t h a t any of t h e methods 
of s a m p l i n g p r e s e n t e d i n C h a p t e r s I I I t h r o u g h V can be employed a t any 
l e v e l of m u l t i - s t a g e work s a m p l i n g . I t I s l o g i c a l t h a t v a r i a t i o n s i n 
t h e s a m p l i n g schemes f o r work s a m p l i n g a p p l i c a t i o n s a r e of mos t i m p o r ­
t a n c e a t t h e l a s t s t a g e b e c a u s e i t i s a t t h i s s t a g e t h a t t h e a c t i v i t y 
i t s e l f i s s a m p l e d . The u n i t s a t t h i s s t a g e a r e t ime o r i e n t e d as i n a l l 
p r e v i o u s m o d e l s . U n i t s a t a l l s t a g e s p r i o r t o t h e l a s t a r e s u b d i v i s i o n s 
o f t h e o r g a n i z a t i o n s t r u c t u r e of t he a c t i v i t y , e . g Q , f a c t o r i e s , work 
s t a t i o n s , e t c . The t e c h n i q u e c f c l u s t e r i n g i s n o t l i k e l y to be a p p l i ­
c a b l e i n work s a m p l i n g e x c e p t i n c a s e s where g roups of s u b j e c t s a r e 
o b s e r v e d a t t h e f i n a l s t a g e . S t r a t i f i c a t i o n may o f f e r g a i n s a t any 
s t a g e , a l t h o u g h I n t h i s c a s e , t he most s i g n i f i c a n t g a i n s a r e l i k e l y t o 
come from s t r a t i f y i n g t h e g r o s s e s t s a m p l i n g u n i t s ( f i r s t s t a g e ) a n d / o r 
t h e t i m e u n i t s ( l a s t s t a g e ) „ U n i t s of e q u a l s i z e a r e s t i l l r e q u i r e d a t 
each s t a g e i f t h e o v e r a l l sample i s to be d e s i g n e d f o r optimum o v e r a l l 
c o s t s ; however , i n c a s e of s t r a t i f i c a t i o n a t t h e f i r s t s t a g e , i t i s o n l y 
n e c e s s a r y t h a t t h e u n i t s w i t h i n a s t r a t u m be e q u a l i n s i z e . 
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A l i t t l e r e f l e c t i o n w i l l show t h a t t h e g e n e r a l model i s e q u i v a l e n t 
t o s i m p l e c l u s t e r work s a m p l i n g a t t h e f i n a l s t a g e w i t h a c l u s t e r of 
s i z e o n e . When t h e z e r o - o n e v a r i a b l e . X , , u s e d i n t h e d e v e l o p -
y a b c . o o r ' 
ment c f t he g e n e r a l mode l , I s r e p l a c e d by 
X 
a b c . o u r Number of s u b j e c t s engaged In a c t i v i t y X 
S Number of s u b j e c t s i n t h e o b s e r v e d c l u s t e r ' 
t h e g e n e r a l e s t i m a t o r becomes 
n . n 9 n 
^ . . . f x 
Z-J Z J X a b c o o c r 
p = .JEk^ ^ 1 ^ . (129) 
S n l n 2 - 0 0 n r 
I n t h i s c a s e t h e s u b s c r i p t r d e s i g n a t e s the c l u s t e r s a m p l e d , and n^ 
i s t h e number of c l u s t e r s (of e q u a l s i z e ) drawn i n t o t h e s a m p l e . C l u s ­
t e r s a r e c o m p l e t e l y enumera t ed as In C h a p t e r Vo 
The e x t e n s i o n t o s i m p l e c l u s t e r s amp l ing a t t h e f i n a l s t a g e t h u s 
c r e a t e s no p r o b l e m In t h e v a r i a n c e o r c o s t a n a l y s e s s i n c e i t i n v o l v e s 
o n l y a change i n t h e d e f i n i t i o n of t h e v a r i a b l e o b s e r v e d and d i v i s i o n by 
a c o n s t a n t . The v a r i a n c e f u n c t i o n s w i l l be i n t e r m s of x ' s i n t h i s c a s e 
r a t h e r t h a n p 1 ' s s i n c e t h e a v e r a g e s a r e no l o n g e r p r o p o r t i o n s , and t h e 
e n t i r e a n a l y s i s i s p r e d i c a t e d on t h e b a s i s of a c l u s t e r of S s u b j e c t s 
b e i n g t h e e l e m e n t a r y u n i t s ampled . The c o s t a n a l y s i s w i l l f o l l o w t h e 
n o t a t i o n g i v e n i n C h a p t e r V, and w i l l be i d e n t i c a l t o t h e c o s t a n a l y s i s 
f o r t h e g e n e r a l c a s e i f s i m p l e random s a m p l i n g of u n i t s a t a l l s t a g e s i s 
a s sumed . I t s h o u l d be r e e m p h a s l z e d t h a t t h e c l u s t e r s a r e a l l assumed to 
be e q u a l i n s i z e . O t h e r w i s e , some form of r a t i o e s t i m a t i o n w i l l have t o 
be u s e d . 
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Al though i t i s p o s s i b l e t o e x t e n d t h e c o n c e p t of c l u s t e r i n g t o 
t h e s e l e c t i o n of g r o u p s of u n i t s a t s t a g e s o t h e r t h a n t h e l a s t , i t does 
n o t a p p e a r t h a t t h i s would be of g r e a t p r a c t i c a l s i g n i f i c a n c e i n work 
s a m p l i n g . When t h e u n i t s a t p r i o r s t a g e s a r e c o n s i d e r e d as c l u s t e r s 
of s m a l l e r u n i t s (which t h e y a r e by d e f i n i t i o n ) , t hen t h e g e n e r a l model 
may be r e g a r d e d as c o n s i s t i n g of c l u s t e r s amp l ing a t e ach s t a g e w i t h 
c l u s t e r s b e i n g chosen by s i m p l e random m e t h o d s . 
I t a p p e a r s more w o r t h w h i l e t o I n v e s t i g a t e " t h e e f f e c t s of s t r a t i f i ­
c a t i o n a t one o r more s t a g e s of s a m p l i n g . As men t ioned e a r l i e r , i f t h e 
b a s i c u n i t i n t h e p o p u l a t i o n sampled i s t h e a c t i v i t y of a g roup of s u b ­
j e c t s r a t h e r t h a n t h e a c t i v i t y of a s i n g l e s u b j e c t , s t r a t i f i e d random 
s a m p l i n g ( C h a p t e r IV) a t t h e f i n a l s t a g e i s the same a s s t r a t i f i e d c l u s ­
t e r s a m p l i n g ( C h a p t e r V) i f S i s s e t e q u a l t o o n e . By r e c o g n i z i n g t h i s 
f e a t u r e of t h e s e two methods of s a m p l i n g a t t h e f i n a l s t a g e , we can 
r e s t r i c t ou r a n a l y s i s t o t h e more g e n e r a l c a s e of c l u s t e r s a m p l i n g i n 
showing t h e impac t of s t r a t i f i c a t i o n . I n t h i s c a s e , an o b s e r v a t i o n made 
on t h e a c t i v i t y a t a random p o i n t In t i m e I s a random v a r i a b l e which 
assumes v a l u e s be tween z e r o and S i n s t e a d of ze ro o r o n e , which was 
t h e c a s e f o r t h e g e n e r a l mode l 0 
Because we a r e s t i l l d e a l i n g w i t h e q u a l s i z e u n i t s a t a g i v e n 
l e v e l ( w i t h t h e e x c e p t i o n t h a t u n i t s may v a r y i n s i z e b e t w e e n s t r a t a a t 
t h e f i r s t l e v e l ) , t h e e x t e n s i o n of t h e g e n e r a l model t o i n c l u d e s t r a t i ­
f i c a t i o n i s n o t t oo d i f f i c u l t i n c o n c e p t . However, t he n o t a t i o n becomes 
r a t h e r awkward i f s t r a t i f i c a t i o n i s i n t r o d u c e d a t s e v e r a l s t a g e s of t h e 
same s t u d y . The a n a l y s i s may be c a r r i e d o u t by an e x t e n s i o n of t h e 
methods shown f o r s t r a t i f i e d s a m p l i n g a t a s i n g l e s t a g e . The a b i l i t y 
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t o w r i t e a model e cua t i . cn f o r s t r a t i f i c a t i o n a t s e v e r a l s t a g e s f o l l o w s 
from the f a c t t h a t v a r i a n c e f o r m u l a s f o r t h e e s t i m a t o r may be b u i l t up 
u s i n g t h e e x p r e s s i o n s of v a r i a n c e a t each l e v e l c The c o n s t r u c t i o n of 
such v a r i a n c e s , t hough p o s s i b l e , becomes q u i t e t e d i o u s , and a r e n o t 
e x p e c t e d to have wide a p p l i c a t i o n i n work s a m p l i n g . 
I f o n l y the f i r s t s t a g e u n i t s a r e s t r a t i f i e d and s u b s e q u e n t 
s t a g e s assume s i m p l e random s a m p l i n g , each s t r a t u m becomes a s e p a r a t e 
p o p u l a t i o n t o which the methods of t h e g e n e r a l model can b e a p p l i e d . 
T h i s a p p r o a c h w i l l y i e l d w i t h i n s t r a t a e s t i m a t e s of the p a r a m e t e r s of 
i n t e r e s t , wh ich , a l o n g w i t h t h e i r e s t i m a t e d v a r i a n c e s , can be combined 
to g i v e e s t i m a t e s of t he p o p u l a t i o n p a r a m e t e r s . T h i s c o n c e p t was i n t r o ­
duced i n C h a p t e r IV where s t r a t i f i c a t i o n was d i s c u s s e d i n g e n e r a l t e r m s . 
In t h e c a s e of s t r a t i f i c a t i o n a t t h e f i r s t s t a g e , an e s t i m a t e of 
N l h ' N2h< N r h ' 
X 
h ' a b c . „ , r 
P h , = tel b = 1 E=i , (130) 
h S N l h ' N 2 h > — N r h > 
t h e p r o p o r t i o n of t i m e s p e n t i n s t a t e X I n t h e h'th s t r a t u m i s 
^ lh» n 2 h ( n r h ' 
a = l b = l r = l 
X h ' ab c . 0 c r 
^n 
S n l h ' n 2 h ' -°° n r h ' 
and an u n b i a s e d e s t i m a t e of P , t h e p r o p o r t i o n of t i m e s p e n t i n s t a t e 
X f o r t h e e n t i r e p o p u l a t i o n , i s 
166 
L l 
L N l h « N 2 h ' '°° N r h » P h ' 
— 0 (131) h'^-i L 1 
M l h ! " 2 h ^ " 0 0 " r h 
h ' = l 
The method used i n d e r i v i n g t h e v a r i a n c e of t h e g e n e r a l model can be 
p 
a p p l i e d to each s t r a t u m to y i e l d t h e v a r i a n c e , , S „ i n e a c h s t r a t u m , 
' P h ' ' 
2 
The v a r i a n c e , S , f o r t h e s t r a t i f i e d e s t i m a t o r i n e q u a t i o n (131) i s 
t h e n t h e f o l l o w i n g w e i g h t e d sum of t h e s t r a t a v a r i a n c e s : 
L l 
X ( N l h ' N 2 h > - N r h « ) 2 s p 2 h f 
: ; 2 - h*=l (132) 
2 
An e s t i m a t e of S^ i s o b t a i n e d by u s i n g e q u a t i o n (122) t o e s t i m a t e t h e 
v a r i a n c e w i t h i n each s t r a t u m and by s u b s e q u e n t l y a p p l y i n g t h e w e i g h t i n g 
f a c t o r s used i n e q u a t i o n (132)° The optimum sample s i z e s f o r each l e v e l 
of s a m p l i n g a r e found by a p p l y i n g t h e c o s t a n a l y s i s of t h e g e n e r a l model 
t o each s t r a t u m s e p a r a t e l y c 
S i n c e i t was g e n e r a l l y c o n c l u d e d i n C h a p t e r s IV and V t h a t s t r a t i ­
f i c a t i o n on t h e b a s i s of t ime u s u a l l y p e r m i t s a g a i n i n s a m p l i n g e f f i ­
c i e n c y , i t a p p e a r s t h a t t h e a p p l i c a t i o n of s t r a t i f i e d c l u s t e r s a m p l i n g 
a t t h e f i n a l s t a g e of a m u l t i - s t a g e p o p u l a t i o n would be p r o f i t a b l e . 
Whi le t h e e x p r e s s i o n f o r t h e e s t i m a t o r i n t h i s c a s e i s s t r a i g h t f o r w a r d , 
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t h e a n a l y s i s of v a r i a n c e approach a s p r e v i o u s l y p r e s e n t e d f o r d e t e r m i n i n g 
t h e e s t i m a t o r v a r i a n c e i s no l o n g e r a p p l i c a b l e . A l though one can c o n c o c t 
an e x p r e s s i o n f o r t h i s v a r i a n c e by i n t r o d u c i n g t h e v a r i a n c e of a s t r a t i ­
f i e d c l u s t e r e s t i m a t o r a t t h e f i n a l s t a g e (from C h a p t e r V) and by r e w r i t i n g 
t h e v a r i a n c e s a t t h e o t h e r s t a g e s i n t e r m s of t h i s v a r i a n c e , t h e e x p r e s ­
s i o n s o b t a i n e d become q u i t e I n v o l v e d f o r even a s i m p l e c a s e . R a t h e r t h a n 
d e a l w i t h such e x p r e s s i o n s h e r e f o r t h e c a s e where u n i t s must be e q u a l 
i n s i z e a t each s t a g e , we s h a l l t u r n o u r a t t e n t i o n t o t h e more r e a l i s t i c 
c a s e s where t h e u n i t s a t a g i v e n s t a g e ( s ) a r e assumed t o v a r y i n s i z e . 
V a r i a t i o n s i n U n i t S i z e s 
The v a r i a t i o n s i n s amp l ing schemes i n d i c a t e d i n t h e p r e v i o u s s e c ­
t i o n a r e i m p o r t a n t i n i n c r e a s i n g t he s a m p l i n g e f f i c i e n c y of a s t u d y ; 
h o w e v e r , t h e major r e s t r i c t i o n p l a c e d on t h e g e n e r a l model I s s t i l l 
r e q u i r e d i n t h o s e c a s e s . The r e s t r i c t i o n was t h a t u n i t s a t a g i v e n 
s t a g e must be e q u a l i n s i z e ( a t l e a s t w i t h i n s t r a t a ) f o r t h e a n a l y s i s 
to b e • ' a p p l i c a b l e . When u n i t s v a r y i n s i z e a t any l e v e l ( s ) of m u l t i ­
s t a g e s a m p l e s , r e l a t i v e l y compact f o r m u l a t i o n s of e s t i m a t o r s and t h e i r 
v a r i a n c e s s i m i l a r t o t h e one used i n w r i t i n g t h e g e n e r a l model a r e n o t 
p o s s i b l e . And s i n c e t h e number of e l e m e n t a r y o b s e r v a t i o n s which w i l l 
a p p e a r i n a sample i s n o t known b e f o r e t h e sample i s d rawn, optimum 
c o s t d e s i g n s i n t e rms of sample s i z e c a n n o t be d e t e r m i n e d . 
F u r t h e r r e s e a r c h i n t h i s c a s e w i l l be n e c e s s a r y b e f o r e s t r a i g h t ­
f o r w a r d s o l u t i o n s t o c o s t a n a l y s e s i n m u l t i - s t a g e work s a m p l i n g w i l l be 
p o s s i b l e i f u n i t s v a r y i n s i z e . I f optimum d e s i g n s i n t e r m s of sample 
s i z e s a r e n o t r e q u i r e d , t h e m u l t i - s t a g e s a m p l i n g scheme may s t i l l be u s e d 
t o g a t h e r and a n a l y z e d a t a . Th i s i s n o t a s u n r e a l i s t i c a s i t may seem 
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b e c a u s e e s t i m a t e s c f p o p u l a t i o n p a r a m e t e r s and t h e i r v a r i a n c e s a r e of 
c o n s i d e r a b l e v a l u e i n a number of c a s e s when t h e sample i s drawn a c c o r d ­
i n g t o o n e ' s judgment a s to what would c o n s t i t u t e a r e p r e s e n t a t i v e s a m p l e . 
Methods of s e l e c t i n g a sample of u n i t s which v a r y i n s i z e may be d e v i s e d 
t o g i v e u n b i a s e d e s t i m a t e s of the p a r a m e t e r s of i n t e r e s t a s w e l l a s 
e s t i m a t e s of t h e i r v a r i a n c e s . When h i s t o r i c a l d a t a a r e a v a i l a b l e on 
c o s t s , v a r i a n c e s ? e t c . , w i t h i n each of t h e s t a g e s , common s e n s e a p p l i ­
c a t i o n s of t h e s e w i l l l e a d one t c a u s e f u l sample d e s i g n . 
S a m p l i n g w i t h P r o b a b i l i t i e s P r o p o r t i o n a l t o S i z e 
S e v e r a l methods of e s t i m a t i o n have been advanced i n t h e s u r v e y 
s a m p l i n g l i t e r a t u r e ( 1 5 , C h a p t e r 11) f o r t r e a t i n g u n i t s of u n e q u a l 
s i z e . As n o t e d i n t h e p r e v i o u s s e c t i o n , i f v a r i a b l e s i z e u n i t s a t a 
g i v e n s t a g e of s a m p l i n g can be s t r a t i f i e d to y i e l d s t r a t a w i t h i n which 
t h e u n i t s a r e e q u a l i n s i z e , t h e n t h e methods of t h a t s e c t i o n a p p l y . 
O t h e r w i s e , when t h e s i z e s of u n i t s a r e known, a s i s t h e c a s e i n work 
s a m p l i n g , a method of s e l e c t i n g u n i t s i n which t h e p r o b a b i l i t y of a 
u n i t b e i n g i n c l u d e d i n t h e sample i s p r o p o r t i o n a l to t h e s i z e of t h e 
u n i t ( r e f e r r e d t o a s p p s ) h a s c o n s t a n t l y p r o v e n t o be t h e most r e l i a b l e 
method of s a m p l i n g ( 1 5 , p . 206, p . 237)« The p r o c e d u r e f o r t h i s a p p r o a c h 
i n work s a m p l i n g w i l l be i n d i c a t e d i n t h i s s e c t i o n and w i l l be f o l l o w e d 
by a more s i m p l i f i e d p r o c e d u r e f o r s a m p l i n g a complex p o p u l a t i o n s t r u c ­
t u r e when t h e components of v a r i a n c e a t e a c h s t a g e of s a m p l i n g a r e n o t 
r e q u i r e d . 
C o n s i d e r an example of a t h r e e s t a g e p o p u l a t i o n which c o n s i s t s of 
N d e p a r t m e n t s , work s t a t i o n s i n t h e i t h d e p a r t m e n t , and a t o t a l 
of N.„ " S u b j e c t - i n s t a n t s " i n t h e i j t h work s t a t i o n . A sample drawn 
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s u c h t h a t each u n i t i s drawn w i t h pps a t each s t a g e w i l l b e i l l u s t r a t e d 
(1) The e l e m e n t a r y u n i t i n t h e p o p u l a t i o n a t t h e t h i r d ( l a s t ) 
s t a g e of s ampl ing i s a " S u b j e c t - i n s t a n t " d e n o t e d by AT. 
(2) The i j t h work s t a t i o n w i l l be composed cf a number of e l e ­
m e n t a r y u n i t s ( " i n s t a n t s " ) , t h e t o t a l of which i s 
where S_ 0 i s t h e number of s u b i e c t s i n t h e i i t h work s t a t i o n and T 
i s t h e i n t e r v a l o v e r which t h e s t u d y w i l l be made 0 
(3) The i t h d e p a r t m e n t w i l l b e compr i sed of work s t a t i o n s 
which make up a t o t a l of 
e l e m e n t a r y u n i t s . 
There w i l l be no p rob l em i n work s a m p l i n g i n d e t e r m i n i n g t h e 
e x a c t s i z e s of t h e u n i t s a t each s t a g e of s a m p l i n g , hence s a m p l i n g 
w i t h pps can be a c h i e v e d u s i n g known r e l a t i v e s i z e s of u n i t s . The o b j e c ­
t i v e i n u s i n g pps i s t o a s s i g n an e q u a l p r o b a b i l i t y of s e l e c t i o n t o each 
u n i t i n t h e p o p u l a t i o n . Th i s makes t h e e s t i m a t o r s e l f w e i g h t i n g and 
i s a c c o m p l i s h e d by s e l e c t i n g a d e p a r t m e n t ( f i r s t s t a g e u n i t ) w i t h 
p r o b a b i l i t y 
u s i n g t h e f o l l o w i n g d e f i n i t i o n s : 
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N. N. i 1 
E S i J T / A T I S i 3 
i r : i J=-L 1=1 j = l 
wh ich i s t h e r a t i o of t h e t o t a l number of s u b j e c t s i n t h e i t h d e p a r t -
ment t o t h e t o t a l number of s u b j e c t s i n a l l d e p a r t m e n t s which make up 
t h e p o p u l a t i o n u n d e r s t u d y . 
When d e p a r t m e n t i has been chosen t o be i n t h e sample,, work 
s t a t i o n i j i s chosen w i t h p r o b a b i l i t y 
S , ,T /AT s - . 
-L.l i j . 
I -Ii 
j - l j - l 
wh ich i s t h e number of s u b j e c t s i n work s t a t i o n i j d i v i d e d by t h e t o t a l 
number of s u b j e c t s i n t h e i t h d e p a r t m e n t . Each s u b j e c t - i n s t a n t w i t h i n 
t h e c h o s e n work s t a t i o n h a s t h e same p r o b a b i l i t y of s e l e c t i o n on each 
of t h e n^o o b s e r v a t i o n s w i t h i n t h a t work s t a t i o n . T h i s p r o b a b i l i t y i s 
1 
S 0 „T/AT 
Hence , t h e p r o b a b i l i t y t h a t any g i v e n e l e m e n t a r y u n i t , X. o, , w i l l be 
c h o s e n on a g i v e n o b s e r v a t i o n i s 
P ( i t h d e p a r t m e n t i s chosen) X P ( i j t h work s t a t i o n i s chosen ) X 
P ( i j k t h e l e m e n t a r y u n i t i s chosen) = 
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1-1 j = i 
S . .T/AT 
I J x 
1 
i = l j = l 
1 
where t h e d e n o m i n a t o r i n t h e l a s t t e rm i s the number of e l e m e n t a r y u n i t s 
i n t h e e n t i r e p o p u l a t i o n . 
S i n c e e l e m e n t a r y u n i t s a r e chosen w i t h e q u a l p r o b a b i l i t i e s i n t h e 
c a s e of p p s , t h e sample mean, 
i s an u n b i a s e d e s t i m a t o r f o r P , t h e p r o p o r t i o n of t i m e i n t h e e n t i r e 
p o p u l a t i o n d e v o t e d t o e l e m e n t Xo I n t h i s e x p r e s s i o n , n i s t h e number 
of d e p a r t m e n t s i n t h e s a m p l e , n^ i s t h e number of work s t a t i o n s from 
t h e i t h d e p a r t m e n t i n t h e s a m p l e , n . . i s t h e number of o b s e r v a t i o n s 
i j 
made on t h e a c t i v i t y a t t h e i j t h work s t a t i o n , and 
i s t h e t o t a l number o f o b s e r v a t i o n s i n t h e s t u d y . 
To i l l u s t r a t e t h e f o r e g o i n g p r o c e d u r e f o r c h o o s i n g a m u l t i - s t a g e 
sample w i t h p p s , c o n s i d e r t h e c a s e where t h e p o p u l a t i o n of d e p a r t m e n t s 
( f i r s t s t a g e u n i t s ) and t h e i r m e a s u r e s of s i z e a r e a s f o l l o w s s 
P - i = l .i=l jy=l (133) 
m 
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CHAPTER V I I 
DECISION RULES FOR WORK SAMPLE DESIGN 
The o b j e c t i v e s c f t h i s c h a p t e r a r e ( l ) to s t a t e t h e l i m i t a t i o n s on 
t h e u s e cf work s a m p l i n g r e s u l t s f o r p r e d i c t i v e p u r p o s e s , and (2) t o 
d e v e l o p a p r o c e d u r e whereby one may make a r a t i o n a l d e c i s i o n a s t o which 
of t h e f o r e g o i n g s a m p l i n g methods s h o u l d be employed I n a g i v e n work 
s a m p l i n g s i t u a t i o n . The l i m i t a t i o n s a r e d e p e n d e n t on t h e amount of v a r ­
i a t i o n i n t h e p r o c e s s b e i n g s t u d i e d , w h e r e a s t h e optimum method of sam­
p l i n g i s a f u n c t i o n of the p o p u l a t i o n s t r u c t u r e . 
P r o c e s s V a r i a b i l i t y and a D e f i n i t i o n of t h e P o p u l a t i o n 
Fundamen ta l to t h e d e s i g n of a work s amp l ing s t u d y i s a d e f i n i ­
t i o n of t h e p o p u l a t i o n to be sampled . A s t a t e m e n t of t h e a c t i v i t y of 
i n t e r e s t and t h e d e t e r m i n a t i o n of the e x a c t p e r i o d of t i m e t o be sampled 
c o n s t i t u t e d e f i n i t i o n of t h e p o p u l a t i o n and r e s u l t from a d e s i r e e i t h e r 
t o measure t i ie c h a r a c t e r i s t i c s of t h e a c t i v i t y o v e r t h e chosen p e r i o d o r 
t o p r e d i c t v a i u e s of p o p u l a t i o n c h a r a c t e r i s t i c s f o r f u t u r e p e r i o d s . In 
t he f i r s t c a s e , t h e r e i s no p r o b l e m ; e . g . , i f t h e o b j e c t i v e i s t o deter™ 
mine t h e f r a c t i o n of t i m e s p e n t i n t h e v a r i o u s c a t e g o r i e s of an a c t i v i t y 
f o r a g i v e n month , and I f t he month i n q u e s t i o n I s d e s i g n a t e d a s t h e p o p ­
u l a t i o n , t hen the e s t i m a t o r s d e f i n e d i n t h e p r e v i o u s c h a p t e r s of t h i s 
s t u d y a r e a p p l i c a b l e . In t h e second c a s e , t he p r o b l e m i s more d i f f i c u l t , 
and t h e r e s u l t s of a s t u d y must be r e g a r d e d o n l y a s a p p r o x i m a t i o n s f o r 
r e a s o n s which we s h a l l d i s c u s s . 
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D e p a r t m e n t s S u b j e c t s C u m u l a t i v e Sum 
1 33 33 
2 90 123 
3 7 1 194 
4 27 221 
5 60 ' 281 
N S N 375 - S* 
Each of t h e s e d e p a r t m e n t s i s assumed t o be made up of a number of 
work s t a t i o n s , t h e d e t a i l e d c o m p o s i t i o n of which i s n o t needed a t 
t h i s s t a g e . 
In o r d e r t o d e t e r m i n e t h e s a m p l i n g p r o c e d u r e a t each s t a g e , i t 
w i l l be n e c e s s a r y t o d e c i d e b e f o r e h a n d t h e i n t e n s i t y w i t h which one 
w i s h e s t o sample , e . g . , one o b s e r v a t i o n f o r each t e n man-minu t e s o f 
a c t i v i t y i n t h e p o p u l a t i o n , a s w e l l a s the a v e r a g e number of o b s e r v a ­
t i o n s d e s i r e d i n an " u l t i m a t e c l u s t e r . " An u l t i m a t e c l u s t e r i s a group 
of N„ . o b s e r v a t i o n s from t h e i t h work s t a t i o n w i t h i n t h e i t h d e p a r t -
m e n t . These d e c i s i o n s r e q u i r e a g e n e r a l knowledge of t h e p o p u l a t i o n and 
w i l l r e f l e c t t h e d e c i s i o n m a k e r ' s p e r s o n a l judgment a s t o wha t w i l l b e a 
" r e p r e s e n t a t i v e " s a m p l e . The r e s o u r c e s a l l o c a t e d t o t h e c o n d u c t of t h e 
s t u d y w i l l v e r y l i k e l y f i x t h e o v e r a l l s amp l ing i n t e n s i t y . For example , 
t h e number of o b s e r v e r s a v a i l a b l e may r e s u l t i n t h e l i m i t a t i o n t h a t , on 
t h e a v e r a g e , one o b s e r v a t i o n p e r t e n m i n u t e s of a c t i v i t y i s t h e maximum 
s a m p l i n g i n t e n s i t y t h a t can be a c h i e v e d w i t h o u t a d d i t i o n a l pe r sonne l s , 
We s h a l l assume t h a t such an a n a l y s i s h a s been made and t h a t an o v e r a l l 
s a m p l i n g i n t e n s i t y of one o b s e r v a t i o n f o r each twen ty man-minu te s of 
a c t i o n i s i n d i c a t e d . 
S i n c e t h e o b s e r v a t i o n s w i t h i n an u l t i m a t e c l u s t e r w i l l b e a 
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sample from an i n f i n i t e p o p u l a t i o n of i n s t a n t s , we s h a l l assume t h a t t h e 
d e s i r e d sample p e r u l t i m a t e c l u s t e r , n\ „ i s f i x e d b e f o r e t h e study-
b e g i n s a t a s e l e c t e d l e v e l of 200 o b s e r v a t i o n s , s a y . I n a d d i t i o n , we 
s h a l l assume t h a t t h e s t u d y w i l l c o v e r t e n w o r k i n g days or 4800 m i n u t e s . 
Wi th t h i s i n f o r m a t i o n , we may p r o c e e d w i t h t h e d e t e r m i n a t i o n of which 
u n i t s w i l l be drawn I n t o t h e sample a t each s t a g e of t h e p o p u l a t i o n . 
I t s h o u l d be n o t e d t h a t t h e d a t a r e q u i r e d f o r t h i s p r o c e d u r e do n o t 
need t o be r e f i n e d i n o r d e r f o r pps t o work . The c h o i c e s of n„ „ and 
t h e s a m p l i n g i n t e n s i t y a r e needed i n o r d e r t o a p p r o x i m a t e t h e d e s i r e d 
c o v e r a g e of t h e s a m p l e , and w h a t e v e r a r b i t r a r i n e s s e x i s t s i n t h e i r 
s e l e c t i o n w i l l i n no way i n v a l i d a t e t h e s t a t i s t i c a l e v a l u a t i o n of t h e 
d a t a . We choose t h e u l t i m a t e c l u s t e r s w i t h i n d e p a r t m e n t s by t h e f o l ­
l o w i n g p r o c e d u r e s 
(1) D e t e r m i n e t h e number of u l t i m a t e c l u s t e r s t o be i n c l u d e d i n 
t h e sample a s f i v e p e r c e n t of t h e t o t a l man-minu tes i n t h e p o p u l a t i o n 
d i v i d e d by 200„ F o r t h e i l l u s t r a t i o n t h i s w i l l be ( 0 „ 0 5 ) ( 4 8 0 0 ) ( 3 7 5 ) / ( 2 0 0 ) = 
4 5 0 , 
(2) Choose 450 random numbers be tween ze ro and S , t h e t o t a l 
number of s u b j e c t s i n t h e p o p u l a t i o n , and d e s i g n a t e t h e d e p a r t m e n t s 
chosen by c h e c k i n g t h e s e numbers i n t h e c u m u l a t i v e sum column of t h e 
f o r e g o i n g t a b u l a t i o n . These numbers a r e drawn w i t h r e p l a c e m e n t s i n c e 
more t h a n one u l t i m a t e c l u s t e r i s a l l o w e d p e r d e p a r t m e n t . 
(3) The p r o c e d u r e i n (.2) w i l l d e s i g n a t e t h e d e p a r t m e n t s t o be 
i n c l u d e d In t h e sample and t h e number of u l t i m a t e c l u s t e r s from e a c h . 
These d e p a r t m e n t s (and o n l y t h e s e ) w i l l now be enumera t ed and l i s t e d i n 
t e r m s of work s t a t i o n s and t h e i r s i z e s . F o r example , assume t h a t d e p a r t -
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merit t h r e e was t h e f i r s t on t h e above l i s t t o be i n c l u d e d i n t h e s a m p l e . 
We would l i s t i t f o r f u r t h e r s a m p l i n g a s f o l l o w s : 
D e p a r t m e n t 3 s 
Work S t a t i o n Number of S u b j e c t s C u m u l a t i v e Sum 
1 3 3 
2 5 8 
3 1 9 
4 2 1 1 
5 6 17 
6 4 21 
N~ 8 7 1 
I f t h e above d e p a r t m e n t was d e s i g n a t e d f o r e i g h t u l t i m a t e c l u s t e r s , we 
would choose e i g h t random numbers be tween ze ro and 72 and d e s i g n a t e 
wh ich of t h e above work s t a t i o n s would be I n c l u d e d In t h e s a m p l e . Aga in , 
I n o r d e r t o keep t h e s a m p l i n g p p s , we a l l o w a work s t a t i o n t o be chosen 
more t h a n o n c e . R e p e a t t h i s p r o c e d u r e f o r each d e p a r t m e n t d e s i g n a t e d t o 
be i n t h e s a m p l e . The end r e s u l t w i l l be t he comple te d e s i g n a t i o n of 
a l l u l t i m a t e c l u s t e r s t o be drawn i n t o t h e s a m p l e . 
(4) With t he work s t a t i o n s d e s i g n a t e d f o r s a m p l i n g i n each 
d e p a r t m e n t , we p r o c e e d t o make t h e a c t u a l o b s e r v a t i o n s on t h e a c t i v i t y 
of i n t e r e s t . I f a work s t a t i o n i s chosen n t i m e s i n (3) above , t h e n 
t h e sample from t h i s work s t a t i o n w i l l be a t o t a l of n n ^ j - 200n 
o b s e r v a t i o n s . Each u l t i m a t e c l u s t e r w i l l be drawn u s i n g s i m p l e random 
s a m p l i n g w i t h i n each work s t a t i o n by u s i n g t h e p r o c e d u r e s s e t f o r t h i n 
C h a p t e r I I I of t h i s s t u d y . S t r a t i f i c a t i o n may a l s o be i n t r o d u c e d i n t o 
t h e scheme by s t r a t i f y i n g on t ime o v e r t h e p e r i o d of t h e s t u d y , i f t h e 
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same s t r a t i f i c a t i o n i s u s e d i n t h e c o l l e c t i o n of d a t a I n e a c h u l t i m a t e 
c l u s t e r . , In t h i s c a s e , the p r o c e d u r e s of C h a p t e r IV a r e f o l l o w e d w i t h i n 
each u l t i m a t e c l u s t e r . I t i s a l s o n o t e d t h a t the e n t i r e p o p u l a t i o n of 
f i r s t s t a g e u n i t s may be s t r a t i f i e d a t t h e c u t s e t and t h e above p r o c e ­
d u r e a p p l i e d t o each s t r a t u m . The r e s u l t i n g s t r a t u m e s t i m a t e s and 
v a r i a n c e s may t h e n be combined f o r an o v e r a l l e s t i m a t e • 
Us ing t h e f o r e g o i n g p r o c e d u r e , i t i s e a s y t o s e e t h a t t h e sample 
i s s e l f w e i g h t i n g and t h a t the sample mean i s an u n b i a s e d e s t i m a t e of 
t h e p o p u l a t i o n mean. The s e l f w e i g h t i n g f e a t u r e f o l l o w s from t h e f a c t 
t h a t each u n i t i n t h e t o t a l p o p u l a t i o n h a s the same p r o b a b i l i t y of b e i n g 
i n t h e sample f o r each o b s e r v a t i o n t h a t i s made. I t i s c o n v e n i e n t f o r t h e 
p u r p o s e s of c a l c u l a t i n g t h e v a r i a n c e of t h e o v e r a l l e s t i m a t e , p , t o 
r e c o r d t h e d a t a I n t e r m s of u l t i m a t e c l u s t e r s , i . e u , when a work s t a t i o n 
ft ft 
i s chosen n t i m e s , t o keep t he d a t a s e p a r a t e d i n t o n i n d e p e n d e n t 
s e t s of n . „ o b s e r v a t i o n s e a c h . 
The e s t i m a t o r i n e q u a t i o n (133) was 
' n . n . . 
n i 
i = l j = l k - 1 
m 
and i s s i m p l y t he a v e r a g e of t h e s a m p l e , a s n o t e d p r e v i o u s l y . In o r d e r 
t o f a c i l i t a t e t h e v a r i a n c e c a l c u l a t i o n of p , we s h a l l e x t e n d t h i s 
e x p r e s s i o n t o i n d i c a t e u l t i m a t e c l u s t e r s a s f o l l o w s : 
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x i j i k L L L p i j - 0 
p i - 1 j - l 1=1 k=l = i - 1 .i=l l - l ? ( 1 3 4 ) 
n ru n ' 
1--1 j = l i - 1 j - l 
where k d e n o t e s t h e k t h o b s e r v a t i o n i n the Ith u l t i m a t e c l u s t e r i n 
t h e i j t h work s t a t i o n , and p„ ,. „ i s t h e a v e r a g e of t h e 200 o b s e r v a t i o n s 
i n t h e i j i t h u l t i m a t e c l u s t e r . The re a r e n . work s t a t i o n s i n t h e 0 l 
s ample from t h e i t h d e p a r t m e n t , and a t o t a l of n d e p a r t m e n t s a r e i n 
t h e s a m p l e . 
The v a r i a n c e of p may now be w r i t t e n i n a s i m p l e f a s h i o n a s t h e 
v a r i a n c e be tween t h e p . „ w i t h i n u l t i m a t e c l u s t e r s . The e x p r e s s i o n f o r 
i j i 
t h e v a r i a n c e e s t i m a t e i s 
n n i n ± j 
zL X ^ P i j i P ' 
s
2 - ^ J - 1 ^ 1 - f135) 
O t h e r v a r i a n c e , e s t i m a t e s may be c a l c u l a t e d from t h e d a t a , e . g . , 
t h e v a r i a n c e be tween d e p a r t m e n t s , t h e v a r i a n c e be tween work s t a t i o n s 
w i t h i n d e p a r t m e n t s , e t c . , i f t h e d a t a a r e p r o p e r l y i d e n t i f i e d d u r i n g 
c o l l e c t i o n . A l though t h e s e may be of o c c a s i o n a l i n t e r e s t , t h e main 
e s t i m a t o r s of c o n c e r n a r e t h o s e of t h e o v e r a l l p o p u l a t i o n p a r a m e t e r s , 
which a r e e a s i e s t t o o b t a i n by t h e p r o c e d u r e . The e s t i m a t o r p of t h e 
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p r o p o r t i o n of t ime s p e n t i n s t a t e X i n t h e e n t i r e p o p u l a t i o n , and i t s 
e s t i m a t e d v a r i a n c e , may be used f o r s e t t i n g c o n f i d e n c e i n t e r v a l e s t i ­
m a t e s on P by a s suming n o r m a l i t y a s i n t h e p r e v i o u s m o d e l s . 
A Method f o r E l i m i n a t i n g t h e P rob lem of U n i t S i z e 
Sampl ing w i t h pps a l l o w s a sample d e s i g n which l e a v e s t h e p o p u ­
l a t i o n s t r u c t u r e i n t a c t by l e t t i n g t h e u n i t s i z e s a f f e c t t h e s e l e c t i o n 
p r o c e d u r e . Deming (21) and Tukey ( 2 0 , p Q 93) have d e v i s e d i n g e n i o u s 
schemes f o r c i r c u m v e n t i n g t h e p rob lem of c a l c u l a t i n g e s t i m a t e s and t h e i r 
v a r i a n c e s in s i m i l a r m u l t i - s t a g e p o p u l a t i o n s by r e s t r u c t u r i n g t h e p o p u ­
l a t i o n such t h a t e q u a l p r o b a b i l i t i e s of s e l e c t i o n may be u s e d w i t h r e p l i ­
c a t e d s a m p l e s . The r e s t r u c t u r i n g of t h e p o p u l a t i o n i n t o " p a p e r z o n e s " 
f o r t h e p u r p o s e s of s a m p l i n g i s due t o Deming and was m o t i v a t e d by T u k e y 1 s 
u s e o f r e p l i c a t e d s a m p l e s I n s u r v e y s . These two c o n c e p t s may b e a d a p t e d 
t o work s amp l ing p r o b l e m s f o r t h e p u r p o s e of y i e l d i n g an e s t i m a t e of 
p o p u l a t i o n p r o p o r t i o n s and t h e i r v a r i a n c e s . The r e s u l t i n g e s t i m a t o r s 
and t h e i r v a r i a n c e s a r e e x p r e s s e d i n t h e more s i m p l i f i e d n o t a t i o n of 
s i n g l e s t a g e s a m p l i n g on u n i t s of e q u a l s i z e , p r o p e r t i e s which were 
n o t e d a t t h e o u t s e t of t h i s c h a p t e r t o be v e r y d e s i r a b l e . 
To i l l u s t r a t e t h e method, c o n s i d e r t h e p o p u l a t i o n s t r u c t u r e p r e ­
s e n t e d p r e v i o u s l y i n c o n n e c t i o n w i t h t h e p p s c o n c e p t . In o r d e r t o e l i m ­
i n a t e t h e p rob l em of v a r i a b l e s i z e u n i t s , t he p o p u l a t i o n i s l i s t e d such 
t h a t I t can be d i v i d e d i n t o zones of e q u a l s i z e a s f o l l o w s . 
( l ) L i s t t h e e n t i r e p o p u l a t i o n by work s t a t i o n and work s t a t i o n 
s i z e , b e i n g c a r e f u l t o l i s t work s t a t i o n s of l i k e a c t i v i t y t o g e t h e r . 
F o r t h e i l l u s t r a t e d c a s e , t h i s would a p p e a r a s f o l l o w s : 
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Number of 
F a c t o r y Work S t a t i o n S u b j e c t s Cumula t i ve Sum 
1 3 3 
2 J 5 8 Zone 1 
3 1 9 Z S u b j e c t s 
4 6 15. 
5 3 18 
Zone 2 
Z S u b j e c t s 
N 4 33 
I 1 4 37 
2 5 42 
3 3 4 5 . 
4 2 47 
5 7 54 
N 2 6 123 
1 4 127 
2 3 130 
Zone m 
Z S u b j e c t s 
N N N 5 S* = T o t a l Employees 
The p r a c t i c e of l i s t i n g l i k e work s t a t i o n s t o g e t h e r s e r v e s t o c r e a t e 
homogeneous s t r a t a when t h e zones a r e formed and may be e x t e n d e d t o 
l i s t i n g work s t a t i o n s t o g e t h e r from t h r o u g h o u t t h e p o p u l a t i o n when t h e 
v a r i a t i o n be tween such work s t a t i o n s i s s i g n i f i c a n t . 
(2) Us ing t h e above t a b l e and knowledge a b o u t t h e g roups of 
l i k e work s t a t i o n s l i s t e d c o n s e c u t i v e l y , one c h o o s e s a z o n i n g i n t e r v a l , 
Z, which w i l l d i v i d e t h e e n t i r e p o p u l a t i o n i n t o g roups of Z s u b ­
j e c t s . The w i d t h of t h i s z o n i n g i n t e r v a l i s n o t c r i t i c a l , a l t h o u g h 
t h e b e t t e r i t s e p a r a t e s t h e s u b j e c t s such t h a t t h e a c t i v i t y w i t h i n 
zones i s more homogeneous , t he g r e a t e r w i l l be t h e g a i n from s t r a t i f i ­
c a t i o n . S i n c e r e p l i c a t i o n s ( m u l t i p l e s a m p l e s ) w i l l be drawn from w i t h i n 
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z o n e s and u s e d t o e s t i m a t e t h e p o p u l a t i o n p a r a m e t e r s of i n t e r e s t , t h e 
g r e a t e r t h e number of z o n e s , t h e more d e g r e e s of f reedom t h e v a r i a n c e 
e s t i m a t e s w i l l h a v e . However, too many zones would c r e a t e a d m i n i s t r a ­
t i v e p r o b l e m s as w e l l a s i n c r e a s e t h e amount of s a m p l i n g u n n e c e s s a r i l y . 
The f o r m a t i o n of zones must be a judgment d e c i s i o n , b u t i t can be h a n d l e d 
i n a f a i r l y e f f i c i e n t f a s h i o n i f t h e p r a c t i t i o n e r f a m i l i a r i z e s h i m s e l f 
w i t h t h e p o p u l a t i o n . 
(3) The c r e a t i o n of zones i s c a r r i e d o u t a s i n d i c a t e d i n t h e 
r i g h t hand column of t h e above t a b l e by mark ing o f f g r o u p s o f Z s u c ­
c e s s i v e s u b j e c t s . These zones a r e e q u a l i n s i z e and c o n t r i b u t e e q u a l l y 
to t h e e s t i m a t e s of p o p u l a t i o n p a r a m e t e r s and t h e i r v a r i a n c e s . 
(4 ) To c a p t u r e t h e g a i n from s t r a t i f i c a t i o n ( d i f f e r e n c e s be tween 
z o n e s ) and t o a l l o w an e s t i m a t e of v a r i a n c e , a random sample of k 
s u b j e c t s i s chosen from w i t h i n each zone and n o b s e r v a t i o n s a r e made 
on e a c h s u b j e c t o v e r t h e p e r i o d of t h e s t u d y . The sample may be drawn 
u s i n g e i t h e r t h e s i m p l e random s a m p l i n g methods of C h a p t e r I I I o r s t r a t i ­
f i e d s a m p l i n g on t i m e a s i n C h a p t e r IV 0 I f s t r a t i f i c a t i o n on t i m e i s 
u s e d , t h e same t ime s t r a t a shou ld be u s e d f o r each s u b j e c t chosen i n t h e 
sample i n o r d e r t o keep t h e e s t i m a t o r s t h e same i n a l l z o n e s . 
The k i n d e p e n d e n t e s t i m a t e s of P from each zone a f f o r d a 
means of c a l c u l a t i n g t h e v a r i a n c e w i t h i n z o n e s . I f p . „ i s t h e e s t i -
ma te o f P ^ from t h e sample on t h e j t h s u b j e c t i n zone i , an e s t i ­
mate of t h e v a r i a n c e of p . . i s a s f o l l o w s : 
"IT 
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i n wh ich p . i s t h e o v e r a l l e s t i m a t e of P from t h e k samples i n 
t h e i t h z o n e . 
Due t o t h e f a c t t h a t zones a r e e q u a l i n s i z e , s i m p l e e x p r e s s i o n s 
f o r e s t i m a t i n g P , t h e p r o p o r t i o n of t o t a l t i m e t h a t t h e e n t i r e p o p u ­
l a t i o n spends i n s t a t e X, and t h e i r v a r i a n c e s , may be w r i t t e n a s 
f o l l o w s g 
m m k 
(137) 
These s i m p l e f o r m u l a s r e p l a c e t h e complex f o r m u l a s a s s o c i a t e d w i t h 
m u l t i - s t a g e s a m p l i n g i n g e n e r a l and a l l o w a r e l a t i v e l y e a s y p r o c e d u r e f o r 
c o n t r o l l i n g - v a r i a b l e u n i t s i z e s . A l though t h e v a r i a n c e f o r m u l a f o r 
s a m p l i n g by zones i s s i m i l a r t o t h a t f o r s a m p l i n g w i t h p p s , t h e sample 
d e s i g n i s much s i m p l e r i n t h e f o r m e r c a s e s i n c e a l l s a m p l i n g i s w i t h 
e q u a l p r o b a b i l i t i e s . The sample i s a c t u a l l y d i s t r i b u t e d o v e r d e p a r t ­
m e n t s , f a c t o r i e s , e t c . , i n t h e same f a s h i o n t h a t pps d i s t r i b u t e s i t 
s i n c e a g i v e n f a c t o r y w i l l c o n t r i b u t e a number of zones p r o p o r t i o n a l t o 
I t s s i z e . 
The f reedom which one h a s i n s t r a t i f y i n g t h e p o p u l a t i o n i n t h e 
b a s i c d e s i g n , b o t h i n t e r m s of zones a s w e l l as w i t h r e s p e c t t o t i m e , 
adds t o t h e s i g n i f i c a n c e of t h e z o n i n g scheme. The e s t i m a t o r p r e c i s i o n 
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may be a d j u s t e d by v a r y i n g t h e number of r e p l i c a t i o n s chosen from each 
zone a s w e l l a s b y v a r y i n g t h e number of o b s e r v a t i o n s p e r r e p l i c a t i o n . 
T h i s f e a t u r e of t h e e s t i m a t e of v a r i a n c e may be w i d e l y e x p l o i t e d b y t h e 
p r a c t i t i o n e r , d e p e n d i n g on i t s s e n s i t i v i t y i n each p a r t i c u l a r c a s e . I t 
i s such f e a t u r e s a s t h e s e t h a t a more p r e c i s e work s a m p l i n g me thodo logy 
mus t have I f i t i s t o be of much p r a c t i c a l v a l u e t o t h e g e n e r a l p r a c t i ­
t i o n e r . 
L i m i t a t i o n s of M u l t i - S t a g e Work Sampl ing 
As p o i n t e d o u t i n t h e i n t r o d u c t o r y r emarks of t h i s c h a p t e r , 
m u l t i - s t a g e work s a m p l i n g I s a method f o r c o l l e c t i n g d a t a from v e r y 
b r o a d s y s t e m s of a c t i v i t y . Because of t h i s , i t s p r i m a r y u s e w i l l be 
a t c o r p o r a t e l e v e l s t u d i e s . In t h e s e l a r g e s c a l e p o p u l a t i o n s which may 
be s p r e a d o v e r s e v e r a l g e o g r a p h i c l o c a t i o n s , t h e m e t h o d o l o g i e s p r e s e n t e d 
In t h i s c h a p t e r a f f o r d a s a m p l i n g t e c h n i q u e which i s f a r s u p e r i o r t o t h e 
s i m p l e r methods p r e s e n t e d i n t h e e a r l i e r c h a p t e r s . In t h o s e c a s e s , t h e 
p o p u l a t i o n was a w e l l d e f i n e d p e r i o d of a c t i v i t y a t one l o c a t i o n , any 
p a r t of which c o u l d be o b s e r v e d w i t h o u t e x t e n s i v e t r a v e l . The a p p l i c a ­
t i o n of t h o s e methods t o a p o p u l a t i o n wh ich i s l a r g e i n s i z e a n d / o r n o t 
l o c a t e d a t t h e same p l a c e r e q u i r e s e x c e s s i v e a d m i n i s t r a t i v e d e t a i l and 
c o s t and shou ld be a v o i d e d f o r t h i s r e a s o n . 
As a l r e a d y n o t e d e l s e w h e r e i n t h i s c h a p t e r , o p t i m i z a t i o n schemes 
f o r C o n t r o l l i n g e s t i m a t o r v a r i a n c e s a n d / o r o v e r a l l s t u d y c o s t s a r e n o t 
a v a i l a b l e u n l e s s p o p u l a t i o n u n i t s a r e a l l e q u a l i n s i z e . T h i s i s a 
s e v e r e l i m i t a t i o n of t h e method and w i l l p r e c l u d e , i n g e n e r a l , t h e 
d e s i g n of a s t u d y on t h e b a s i s of r i g i d c o s t c o n s i d e r a t i o n s . I t i s 
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n o t e d , however , t h a t t h e a p p l i c a t i o n of t h e methods of z o n i n g and s a m p l i n g 
w i t h p p s , as h e r e i n s e t f o r t h , may be u s e d e f f i c i e n t l y i n s a m p l i n g l a r g e 
p o p u l a t i o n s i f t h e p r a c t i t i o n e r makes f u l l u s e of h i s t o r i c a l d a t a on 
c o s t s , v a r i a n c e s , and o t h e r c h a r a c t e r i s t i c s of t h e p o p u l a t i o n which may 
b e a v a i l a b l e t o h im. 
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The e s t i m a t o r s from any s a m p l i n g scheme p e r t a i n o n l y t o the 
p o p u l a t i o n from which t h e samples a r e drawn. Hence , t h e y a r e no b e t t e r 
i n p r o v i d i n g t h e d e s i r e d r e s u l t s t h a n t he s u f f i c i e n c y of the d e s i g n a t e d 
p o p u l a t i o n i n encompass ing t he p o p u l a t i o n a b o u t which i n f o r m a t i o n I s 
d e s i r e d . Because cf t h i s f a c t > .it i s n e t p o s s i b l e t c make a b s o l u t e l y 
c o r r e c t p r e d i c t i o n s a b o u t what w i l l t a k e p_i_ace d u r i n g some f u t u r e p e r ­
i o d c f an a c t i v i t y by s t u d y i n g some p r e v i o u s p e r i o d of t h a t a c t i v i t y . 
I t i s In Cu_s r e s p e c t t h a t work s a m p l i n g d i f f e r s r a t h e r m a r k e d l y from 
s\zr\ ;y s a m p l i n g . In t h e l a t t e r - c a s e , t h e p o p u l a t i o n sampled i s a p h y s i ­
c a l l y t a n g i b l e s e t of u n i t s which may v a r y S l i g h t l y w i t h t i m e , b u t w h i c h , 
f o r t he p u r p o s e s of sampling> may g e n e r a l l y be c o n s i d e r e d a s a s t a b l e 
p o p u l a t i o n . In t he f o r m e r c a s e , t h e s a m p l i n g u n i t s a r e segmen t s of 
t ime a n d , a s s u c h , a r e n e t c a p a b l e of b e i n g r e s a m p l e d , o r r e s t u d l e d , 
a s I s t h e c a s e i n s u r v e y s a m p l i n g . With t h i s " f l e e t i n g " a s p e c t c f 
t h e u n i t s i n work s a m p l i n g , one can o n l y sample a p o p u l a t i o n a s i t 
comes i n t o e x i s t e n c e . The c h a r a c t e r i s t i c s of an a c t i v i t y o v e r a g i v e n 
p e r i o d c f t ime (a work s amp l ing p o p u l a t i o n ) may be e s t i m a t e d , b u t u n l e s s 
the s u b s e q u e n t l y d e f i n e d p o p u l a t i o n s a r e s i m i l a r to t h a t s amp led , t h e 
e s t i m a t o r s o b t a i n e d p r e v i o u s l y a r e n o t a p p l i c a b l e . 
There a r e numerous i n s t a n c e s i n wh ich I n t e r e s t i s c o n c e n t r a t e d 
on a d e f i n e d p e r i o d of t h e a c t i v i t y . In t h e s e c a s e s ^ t h e e s t i m a t o r s a s 
d e v e l o p e d In e a r l i e r c h a p t e r s and t h e p r e c i s i o n p l a c e d on the r e s u l t s 
I n each c a s e a r e c o m p l e t e l y v a l i d f o r e s t i m a t i n g t h e c h a r a c t e r i s t i c s 
of such a p e r i o d . On t h e o t h e r hand , many work s a m p l i n g s t u d i e s a r e 
c o n d u c t e d f o r t h e p u r p o s e of d e t e r m i n i n g c h a r a c t e r i s t i c s of a c o n t i n u ­
ous a c t i v i t y , such a s , f o r example , t he amount of I d l e t ime i n a m a c h i n i n 
depa r tmen t , ; o r t he f r a c t i o n of t ime e x e c u t i v e s spend on t h e t e l e p h o n e . 
I n e s t i m a t i n g t h e s e c h a r a c t e r i s t i c s , one must be c a r e f u l i n making 
i n f e r e n c e s a b o u t a segment of t h e a c t i v i t y v h i c h i s b r o a d e r than t h a t 
s a m p l e d . T h i s i s t r u e b e c a u s e t h e sampie i s from a d i f f e r e n t p o p u l a ­
t i o n t h a n the one a b o u t v h i c h I n f o r m a t i o n I s s o u g h t . When t h e r e i s 
known v a r i a b i l i t y from p e r i o d to p e r i o d , a c o n t i n u o u s p r o g r a m of s t u d y 
i n v o l v i n g work s ample s o v e r c o n s e c u t i v e p e r i o d s of t i m e p r o v i d e s a means 
f o r e s t i m a t i n g t he p e r i o d - t c - p e r i o d v a r i a b i l i t y ! 
The f o r e g o i n g p a r a d o x i s o n l y p a r t i a l l y r e s o l v e d m a c t u a l work 
s a m p l i n g a p p l i c a t i o n s . I f t h e c o n t i n u o u s a c t i v i t y I s c y c x i c , t h e n i n f e r ­
e n c e s may be made a b o u t t h e t o t a l o v e r a x i span of t he a c t i v i t y I f t h e 
work s a m p l i n g p o p u l a t i o n i s d e f i n e d a s some m u l t i p l e of t he c y c i e . The 
a s s u m p t i o n of c y c x i c b e h a v i o r I s se ldom, I f e v e r , a b s o l u t e l y v a l i d . The 
many i n d e p e n d e n t s o u r c e s of v a r i a t i o n i n t h e p e r f o r m a n c e c f most a c t i v i ­
t i e s a c c o u n t f o r t h i s dynamic a s p e c t of p o p u l a t i o n s d e f i n e d i n t i m e . 
However, i t h a s been r e p e a t e d l y o b s e r v e d and a l s o a p p e a r s l o g i c a l , t h a t 
t he major s o u r c e s of v a r i a t i o n I n many a c t i v i t y p o p u l a t i o n s t e n d t o be 
c y c l i c i n n a t u r e . T h i s a c c o u n t s f o r t h e s u c c e s s f u l a s s u m p t i o n i n t h e 
p a s t t h a t work s a m p l i n g r e s u l t s may be u s e d t o p r e d i c t f u t u r e p e r f o r m a n c e . 
I t i s c o n c e i v a b l e t h a t t h e dynamics of some a c t i v i t i e s may be 
d e f i n e d a s s t o c h a s t i c p r o c e s s e s and a c c o r d i n g l y may be a n a l y z e d i n t e r m s 
of p r o b a b i l i t y m e a s u r e s . Whi le e v e n t u a l l y t h i s may be a c c o m p l i s h e d , t h e 
c o m p l e x i t y of the v a r i a t i o n s i n t h e t y p e s of a c t i v i t y t y p i c a l l y s t u d i e d 
i n work s a m p l i n g p r o h i b i t s an a c c u r a t e d e s c r i p t i o n of them by t h e g e n e r a l 
t h e o r y of s t o c h a s t i c p r o c e s s e s t h u s f a r d e v e l o p e d . T h e r e f o r e , i t I s 
assumed t h a t t h e a p p l i c a t i o n of any of the p r e v i o u s l y d e f i n e d models to 
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p r e d i c t t h e c h a r a c t e r i s t i c s c f some f u t u r e p o p u l a t i o n i m p l i e s t h e a s sump­
t i o n of c y c l i c c r s t a b l e p o p u l a t i o n b e h a v i o r 0 O t h e r w i s e I t w i l l be 
assumed t h a t a c o n t i n u i n g p rogram of wcrk s t u d y I s c a r r i e d c u t and 
t h a t t h e dynamics of t h e p o p u l a t i o n w i l l be e s t i m a t e d by t h e v a r i a b i l i t y 
i n e s t i m a t e s of trie c h a r a c t e r i s t i c s from c o n s e c u t i v e s t u d i e s . In any c a s e 
from a t e c h n i c a l v i e w p o i n t , t h e e s t i m a t e s p e r t a i n c n i y t o t h e p o p u l a t i o n 
t h a t was sampled . 
The Cho ice of a Work Sampl ing P l a n 
As the v a r i o u s work s amp l ing models were d e v e l o p e d I n t h e e a r l i e r 
c h a p t e r s of t h e p r e s e n t s t u d y , d i s c u s s i o n s of each of them I n c l u d e d t h e 
u n i q u e c h a r a c t e r i s t i c s p e c u l i a r to t h a t s p e c i f i c d e s i g n . The two major 
c o n c e p t s p r e s e n t e d beyond t h a t of s i m p l e random s a m p l i n g were t h o s e of 
s t r a t i f i c a t i o n and c l u s t e r i n g . The u n i q u e c h a r a c t e r i s t i c of m u l t i - s t a g e 
s a m p l i n g was the i d e a o f s ampl ing s m a l l e r and s m a l l e r u n i t s , w i t h each 
s u c c e s s i v e l y d e f i n e d u n i t b e i n g a s u b d i v i s i o n of t h e p r e v i o u s o n e , and 
e a c h d i v i s i o n of t h e u n i t r e p r e s e n t i n g a s e p a r a t e s t a g e of s a m p l i n g . 
The t h e o r y In t h e m u l t i - s t a g e c a s e i s a c o m b i n a t i o n of t h e t h r e e p r e ­
v i o u s models — random, s t r a t i f i e d , and c l u s t e r ~~ i n which one o r more 
of t h e s e c o n c e p t s a r e employed In d e s i g n i n g s a m p l i n g schemes f o r the 
e f f i c i e n t s t u d y of t o t a l sy s t ems of a c t i v i t y on a b r o a d s c a l e . 
I t becomes r e a d i l y a p p a r e n t t h a t one can choose a s a m p l i n g scheme 
f o r a g i v e n s i t u a t i o n from among t h o s e a v a i l a b l e by a n s w e r i n g , e i t h e r i n 
t h e a f f i r m a t i v e o r t h e n e g a t i v e , a few b a s i c q u e s t i o n s . These q u e s t i o n s 
and t h e o r d e r I n which t h e y s h o u l d be answered a r e s 
lo Does t h e t c t a l scope of the a c t i v i t y c o v e r a l a r g e g e o g r a p h i c 
a r e a , a n d / o r I s t he " n a t u r a l s t r u c t u r e " c f t h e a c t i v i t y such t h a t i t i s 
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made up c f l a r g e d i v i s i o n s of a c t i v i t y w i t h i n which t h e r e a r e s m a l l e r 
d i v i s i o n s ? There may r e cn..y one such d i v i s i o n o r t h e r e may be s e v e r a i 0 
I f the answer to l l ) i s y e s , t hen m u l t i - s t a g e s a m p l i n g i s a p p r o ­
p r i a t e ana [2) and {'}) below a r e a sked w i t h r e s p e c t t o each l e v e l of 
s a m p l i n g when t he p o p u l a t i o n c o n s i s t s of e q u a l s i z e u n i t s . I f the 
p o p u l a t i o n c a n n o t be d e f i n e d i n t e rms cf u n i t s of e q u a l s i z e , t he 
methods c f pps or z o n i n g a r e a p p r o p r i a t e . i f t h e answer to ( l ) i s n o , 
t h e n (2) and '*'j) a r e a sked w i t h r e s p e c t to t h e t o t a l p o p u l a t i o n „ In 
t h i s c a s e , t h e answer s t o the l a s t two q u e s t i o n s w i ± l r e s u l t i n t h e 
s p e c i f i c a t i o n of t h e p r o p e r s a m p l i n g scheme. 
2 . I s t he a c t i v i t y of such a n a t u r e t h a t t h e s u b j e c t s i n q u e s ­
t i o n can be sampled more a d v a n t a g e o u s l y i n g roups t h a n s i n g x y ? 
I f t he answer to (2) i s y e s t h e n a c l u s t e r model w i l l be In 
o r d e r , o t h e r w i s e a model which r e q u i r e s o b s e r v a t i o n s on a s i n g l e s u b ­
j e c t w i n be u s e d . In e i t h e r c a s e , t h e answer t o (3) c o m p l e t e l y s p e c i f i e s 
t h e model to be u s e d . 
3= I s i t p o s s i b l e t o s u b d i v i d e t h e t o t a l p o p u l a t i o n t o be sampled 
i n t o any t y p e of s egmen t s such t h a t t h e p r o p o r t i o n s of i n t e r e s t w i l l be 
s i g n i f i c a n t l y d i f f e r e n t be tween s e g m e n t s ? 
I f t h e answer t o (3) i s y e s , t h e n t h e model t o be employed w i l l 
be a s t r a t i f i e d mode l . O t h e r w i s e , t h e model w i l l employ s i m p l e random 
s a m p l i n g . These d e c i s i o n s a r e b e t t e r i l l u s t r a t e d by t h e d e c i s i o n - d i a g r a m 
I n F i g u r e 9 . 
I f one d e s i g n i s m u l t i - s t a g e , t h e n one of t h e p r o c e d u r e s s e t 
f o r t h i n Chap te r VI I s f o l l o w e d f o r e s t a b l i s h i n g t h e e s t i m a t o r , i t s 
v a r i a n c e , and , i n the c a s e of e q u a l s i z e u n i t s , t he optimum amounts of 
188 
Answer t o Q u e s t i o n I 
(See C h a p t e r VI i n f o r m u l a t i n g the answer ) 
Use a M u l t i - S t a g e Model Use a S i n g l e S t a g e Model 
Answer t o Q u e s t i o n 2 
(See C h a p t e r V i n f o r m u l a t i n g t h e answer ) 
| ~ Answer t o Q u e s t i o n 3 
j (See C h a p t e r IV i n f o r m u l a t i n g the answer ) 
F i g u r e 9 . D e c i s i o n - D i a g r a m f o r O b t a i n i n g t h e P r o p e r Work 
Sample Model In a Given A p p l i c a t i o n . 
s a m p l i n g a t each s t a g e . The l a t t e r c a s e w i l l i n v o l v e e v a l u a t i n g t h e 
components of v a r i a n c e a t each l e v e l c f s a m p l i n g u s i n g t h e g e n e r a l 
m u l t i - s t a g e m o d e l 0 However, i t i s e x p e c t e d t h a t u n i t s w i l l v a r y i n s i z e in 
mos t l a r g e s t u d i e s and hence r e n d e r t h i s a p p r o a c h i n a p p r o p r i a t e . The 
a l t e r n a t i v e s of pps and z o n i n g must t h e n be c o n s i d e r e d i n a r r i v i n g a t 
t h e f i n a l s a m p l i n g scheme. The c h o i c e be tween t h e s e two methods c a n ­
n o t be s t a t e d c a t e g o r i c a l l y s i n c e t h e y a r e n o t i n d i r e c t c o m p e t i t i o n i n 
""The r e m a i n i n g q u e s t i o n s a r e r e p e a t e d f o r each s t a g e of s a m p l i n g 
i f u n i t s of e q u a l s i z e a r e to b e s a m p l e d . In t h e e v e n t of u n i t s of 
u n e q u a l s i z e , t h e methods of pps and z o n i n g a r e a p p l i c a b l e . 
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t e r m s of e f f i c i e n c y . The r e l a t i v e m e r i t s of t h e two p r o c e d u r e s a r e s e t 
f o r t h i n C h a p t e r VI where i t i s c o n c l u d e d t h a t t h e t e c h n i q u e of zon ing 
w i l l g e n e r a l l y be f a v o r e d . In t h e c a s e s where m u l t i - s t a g e s amp l ing does 
n o t a p p l y , t h e s i n g l e e s t i m a t o r s , t h e i r v a r i a n c e s , e t c . , a s p r e s e n t e d In 
C h a p t e r s I I I t h r o u g h . V y i e l d t h e c o r r e c t model I m m e d i a t e l y . 
I t s h o u l d be n o t e d a g a i n t h a t i n e v e r y c a s e where a c l u s t e r e s t i ­
m a t o r i s u s e d , I f S ; t h e number of s u b j e c t s , i s s e t e q u a l to o n e , t h e 
r e s u l t i n g model I s e i t h e r s i m p l e random o r s t r a t i f i e d random s a m p l i n g . 
The d e c i s i o n to p r e s e n t t h e s e two a p p r o a c h e s as s e p a r a t e m o d e l s , when i n 
f a c t one I s a s p e c i a l c a s e of t h e o t h e r , r e s u l t s from t h e a b i l i t y to 
w r i t e the e s t i m a t o r and I t s v a r i a n c e In much s i m p l e r form when S - 1 Q 
In v iew of t h e s i m p l i c i t y of t h e f o r e g o i n g r u l e s and t h e l i m i t e d 
amount of i n f o r m a t i o n which t h e y r e q u i r e , i t a p p e a r s t h a t t h e work sam­
p l i n g p r a c t i t i o n e r s h o u l d have l i t t l e d i f f i c u l t y i n r e s o l v i n g t h e q u e s ­
t i o n of which s a m p l i n g model w i l l be t h e most e f f i c i e n t i n any g i v e n 
s i t u a t i o n . 
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CHAPTER V I I I 
CONCLUSIONS AND RECOMMENDATIONS 
The major o b j e c t i v e of t h i s s t u d y was t o Improve t h e s a m p l i n g 
p r o c e d u r e and s u b s e q u e n t d a t a a n a l y s i s f o r work s a m p l i n g s t u d i e s i n an 
e f f o r t t o y i e l d more r e l i a b l e e s t i m a t e s of t ime s p e n t i n v a r i o u s c a t e ­
g o r i e s of t h e a c t i v i t y b e i n g a n a l y z e d . The p r o c e d u r e f o r a c c o m p l i s h i n g 
t h i s o b j e c t i v e was t o d e v e l o p a new t h e o r e t i c a l b a s i s f o r work s amp l ing 
i n t h e form of c a t e g o r i z e d s a m p l i n g m o d e l s , i n c o r p o r a t i n g p r o v i s i o n s f o r 
a s s e s s i n g t h e n a t u r e c f t h e p o p u l a t i o n b e i n g sampled and f o r s p e c i f y i n g 
t h e t h e o r e t i c a l model which wouid b e s t accommodate c o s t and r e l i a b i l i t y 
c o n s t r a i n t s o 
The c o n v e n t i o n a l method of work s a m p l i n g u s i n g s i m p l e random 
s a m p l i n g and b i n o m i a l p r o b a b i l i t i e s h a s been a n a l y z e d i n d e t a i l and 
p r e s e n t e d as t h e f i r s t of f o u r p r o p o s e d m o d e l s . An a n a l y s i s of t h e 
e r r o r I n t r o d u c e d when t h e sample v a r i a n c e I s u sed t o a p p r o x i m a t e t h e 
t r u e v a r i a n c e i n work s a m p l i n g h a s r e s u l t e d i n a g r a p h i c a l means of 
d e t e r m i n i n g t h e s u f f i c i e n c y of t h e v a r i a n c e e s t i m a t e . An e x p l i c i t j u s t i ­
f i c a t i o n f o r u s i n g an " i n s t a n t " of t i m e a s t h e s a m p l i n g u n i t has been 
made and d e t a i l e d g r a p h s u s e f u l i n d e s i g n i n g a s i m p l e random sample i n 
t e r m s of b o t h r e l a t i v e and a v e r a g e e r r o r have been d e v i s e d . 
S i m u l a t i o n h a s p r o v i d e d d a t a t o s u p p o r t t he a s s u m p t i o n o f n o r m a l ­
i t y f o r t h e d i s t r i b u t i o n of t h e e s t i m a t o r , and f o r t h e v e r i f i c a t i o n of 
t h e s i m p l e random work s amp l ing model i n g e n e r a l . 
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An a n a l y s i s of t h e n a t u r e of s t r a t i f i c a t i o n i n work s a m p l i n g p o p u ­
l a t i o n s h a s r e s u l t e d i n t h e deve lopmen t of a s t r a t i f i e d work sampl ing 
modelo Compar i sons of t h e v a r i a n c e of s t r a t i f i e d e s t i m a t o r s w i t h t h o s e 
of s i m p l e random e s t i m a t o r s have shown t h a t t h e sample s i z e s n e c e s s a r y 
f o r a s t a t e d r e v e l of p r e c i s i o n may be c o n s i d e r a b l y s m a l l e r i n t h e former-
c a s e o I n v e s t i g a t i o n of t h e p r o b l e m of a l l o c a t i n g a t o t a l sample t o a num­
b e r c f s t r a t a h a s shown t h a t t h e d i f f e r e n c e s be tween s a m p l i n g c o s t s from 
s t r a t u m t o s t r a t u m and t h e d i f f e r e n c e s of w i t h i n s t r a t a v a r i a n c e s have 
l i t t l e i n f l u e n c e on t h e p rob lem of optimum work s a m p l e s . As a r e s u l t of 
t n i s f i n d i n g , and b e c a u s e c f t h e a d m i n i s t r a t i v e c o n v e n i e n c e of t a k i n g a 
sample from each s t r a t u m i n p rope r t i e r : t o t h e s i z e c f t he s t r a t u m , t h e 
s t r a t i f i e d model p r e s e n t e d h e r e i n assumes p r o p o r t i o n a l a l l o c a t i o n . 
The g a i n i n r e d u c e d sample s i z e by u s i n g a s t r a t i f i e d sample 
r a t h e r t h a n a s i m p l e random sample i s shown f o r a h y p o t h e t i c a l c a s e by 
s i m u l a t e d s a m p l i n g of t h e same p o p u l a t i o n used to s u p p o r t t h e s i m p i e r a n ­
dom modelo The r e s u l t s of t h e s i m u l a t i o n show t h a t t h e s t r a t i f i e d e s t i ­
m a t o r may a l s o be assumed t o f o l l o w a no rma l d i s t r i b u t i o n . The c o n f l i c t 
b e t w e e n a c h i e v i n g minimum c o s t s and s t a t e d l e v e l s of p r e c i s i o n i n sample 
d e s i g n I s i l l u s t r a t e d f o r s t r a t i f i e d work, s ampl ing a s w e l l a s f o r t h e 
o t h e r m o d e l s . 
The p r a c t i c e of making group o b s e r v a t i o n s i n work s a m p l i n g i s a n a ­
l y z e d In t e rms of c l u s t e r s a m p l i n g t h e o r i e s and p r a c t i c e s from the f i e l d 
of s u r v e y s a m p l i n g . The n a t u r e of t h e e r r o r I n t r o d u c e d by making the 
a s s u m p t i o n of i n d e p e n d e n c e among s u b j e c t s i n g roups i s shown, and a 
method c f a n a l y s i s which i s f r e e of t h i s a s s u m p t i o n I s a d v a n c e d . The 
v a l i d i t y of c l u s t e r work s amp l ing i s a l s o i l l u s t r a t e d t h r o u g h s i m u l a t e d 
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s a m p l i n g of t h e same h y p o t h e t i c a l p o p u l a t i o n used f o r i l l u s t r a t i n g t h e 
o t h e r m o d e l s . 
I t was shown t h r o u g h t h e deve lopmen t of a c o s t model f o r c l u s t e r 
work s a m p l i n g t h a t , a l t h o u g h more o b s e r v a t i o n s a r e r e q u i r e d f o r a s t a t e d 
p r e c i s i o n t h a n i n s i m p l e random s a m p l i n g , the o v e r a l l c o s t s of c l u s t e r 
s a m p l i n g a r e g e n e r a l l y l e sSo T h i s r e a l i z a t i o n r e s u l t s from t h e f a c t 
t h a t o b s e r v a t i o n s made i n c l u s t e r s a r e l e s s c c s t l y on a p e r o b s e r v a t i o n 
b a s i s . 
The c o n c e p t c f s t r a t i f i c a t i o n was c o u p l e d w i t h t h a t of c l u s t e r i n g 
t o p r o v i d e a model wh ich i s more e f f i c i e n t than e i t h e r of t h e models 
emp loy ing t h e s e c o n c e p t s s i n g l y 0 I t i s conc luded t h a t t h e model f o r 
s t r a t i f i e d c l u s t e r work: s a m p l i n g i s t h e most e f f i c i e n t of a l l t h e models 
which a r e a p p l i c a b l e t o t h e s t u d y of a c t i v i t i e s c o n f i n e d i n such a way 
t h a t t r a v e l c o s t s be tween o b s e r v a t i o n s a r e i n s i g n i f i c a n t . 
A work s a m p l i n g model f o r s a m p l i n g a c t i v i t i e s which a r e n e t so 
confined^, e . g . , t h e y may encompass s e v e r a l g e o g r a p h i c l o c a t i o n s , i s 
d e v e l o p e d by employ ing t h e c o n c e p t c f s a m p l i n g i n s t a g e s . The m u l t i - s t a g e 
model which i s p r e s e n t e d r e q u i r e s t h a t a l l u n i t s a t a g i v e n l e v e l of sam­
p l i n g be e q u a l i n s i z e and t h a t s i m p l e random s a m p l i n g be u s e d a t each 
s t a g e . T h i s r e s t r i c t i o n makes t h e model u s e f u l f o r l i t t l e more t h a n a 
p o i n t of d e p a r t u r e i n d i s c u s s i n g more r e a l i s t i c s i t u a t i o n s . The d e v i a ­
t i o n s from t h e g e n e r a l model which a r e a n a l y z e d f a l l i n t o t h e c a t e g o r i e s 
o f v a r i a t i o n s i n s a m p l i n g scheme and v a r i a t i o n s i n u n i t s i z e s . The 
l a t t e r a r e of mos t I m p o r t a n c e and two s a m p l i n g schemes a r e p r e s e n t e d 
f o r u s e i n t h i s c a s e . The f i r s t of t h e s e u s e s t h e c o n c e p t of an u l t i ­
mate s t r a t u m and a l l o w s a u n i t to be drawn i n t o t h e sample w i t h a 
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p r o b a b i l i t y which i s p r o p o r t i o n a l t o i t s s i z e . The second method o f f e r s 
a d e s i r a b l e scheme which p e r m i t s s t r a t i f i c a t i o n as w e l l a s s a m p l i n g w i t h 
e q u a l p r o b a b i l i t i e s . The key to t h i s l a t t e r p r o c e d u r e l i e s i n t h e 
r e s t r u c t u r i n g of t h e p o p u l a t i o n i n t o " p a p e r z o n e s " f o r t h e p u r p o s e of 
c h o o s i n g a s a m p l e . 
A g e n e r a l d i s c u s s i o n of p r o c e s s v a r i a b i l i t y and t h e u s e of work 
s a m p l i n g d a t a f o r p r e d i c t i v e p u r p o s e s p o i n t o u t t h e s h o r t c o m i n g s a s w e l l 
a s t h e u s e f u l n e s s of work s amp l ing d a t a . The s t u d y I s c o n c l u d e d w i t h a 
p r e s e n t a t i o n of a s e t of d e c i s i o n r u l e s f o r c h o o s i n g t h e p r o p e r s a m p l i n g 
scheme i n a g i v e n s i t u a t i o n . 
In g e n e r a l , t h i s s t u d y h a s shown t h a t most work s a m p l i n g p o p u l a ­
t i o n s may be sampled more e f f i c i e n t l y t h a n by s i m p l e random methods by 
e x p l o i t i n g c e r t a i n e a s i l y o b s e r v e d c h a r a c t e r i s t i c s of t h e p o p u l a t i o n 
s t r u c t u r e . The m a g n i t u d e of t h e g a i n s In e f f i c i e n c y h a s been I l l u s t r a t e d 
In t e r m s of b o t h p r e c i s i o n and o v e r a l l s t u d y c o s t s . P e r t i n e n t c o s t s and 
t h e i r I n f l u e n c e on t h e p rob lem of o p t i m i z a t i o n have been enumera t ed and 
a n a l y z e d t h r o u g h t h e f o r m u l a t i o n of c o s t models f o r t h e s a m p l i n g schemes 
which have been p r o p o s e d . The a p p l i c a t i o n of t h e s e methods by work 
s a m p l i n g p r a c t i t i o n e r s w i l l r e s u l t i n more u s e f u l , e c o n o m i c a l , and 
r e l i a b l e d a t a f o r s u b s e q u e n t m a n a g e r i a l d e c i s i o n s . 
In t h e c o u r s e of t h i s s t u d y , a number of p r o b l e m s a r o s e which were 
beyond t h e scope of t h e s t u d y ; however , some of t h e s e do have an i n f l u e n c e 
on t h e p r o b l e m s t r e a t e d h e r e i n . Those which a r e s i g n i f i c a n t enough t o 
w a r r a n t f u r t h e r s t u d y f o l l o w . 
T h i s s t u d y was c o n c e r n e d w i t h t h e e x t e n s i o n of work s a m p l i n g p r a c ­
t i c e s by t he u s e of methods of s u r v e y s a m p l i n g . These e x t e n s i o n s n e c e s s i -
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t a t e d the c o n s i d e r a t i o n of c o s t s i n work s amp l ing i n a g e n e r a l way, 
wh ich were t r e a t e d i n t e r m s of c o s t models f o r each s a m p l i n g scheme. 
Based on t h e f i n d i n g s i n t h e s e c a s e s , i t i s recommended t h a t t h e com­
p o n e n t s of c o s t s a s h e r e i n t r e a t e d , e s p e c i a l l y t h e component of 
" l o s s e s due t o e r r o r , " be i n v e s t i g a t e d t o d e t e r m i n e t h e i r n a t u r e and 
m a g n i t u d e . In t h e l a t t e r c a s e , i t i s a n t i c i p a t e d t h a t s e t s of l o s s 
f u n c t i o n s cou ld be d e t e r m i n e d such t h a t t h e work s a m p l i n g p r a c t i t i o n e r -
c o u l d choose a f u n c t i o n by a s k i n g t h e d e c i s i o n - m a k e r a few e a s i l y 
answered q u e s t i o n s and t r a n s l a t i n g t h e answer s I n t e r m s of c o s t c u r v e s . 
S i n c e t h i s l o s s I s a f u n c t i o n of t he e r r o r In t h e e s t i m a t e , I t I s 
s u s p e c t e d t h a t mos t p r a c t i c a l c a s e s c o u l d be r e p r e s e n t e d by a s e t of 
c u r v e s which would n o t need t o be t oo e x t e n s i v e In s c o p e . T h i s r e s e a r c h 
would d e a l m a i n l y w i t h t h e d e t e r m i n a t i o n of t h e p a r a m e t e r s of such c u r v e s 
by u s i n g d a t a which c c u l d be o b t a i n e d from f i r m s which u s e work s a m p l i n g . 
A d d i t i o n a l r e s e a r c h s h o u l d be d i r e c t e d t o t h e s o l u t i o n of c o s t 
o p t i m i z a t i o n s i n t h e c a s e s of v a r y i n g c l u s t e r s i z e s and m u l t i - s t a g e 
s a m p l i n g I n v o l v i n g u n i t s of u n e q u a l s i z e s . Whi le t h e s e have been 
t r e a t e d s u p e r f i c i a l l y i n t h e l i t e r a t u r e , no e x p l i c i t s o l u t i o n s a p p e a r 
t o b e f o r t h c o m i n g due e i t h e r t o t he u n c e r t a i n t y of t h e s i z e of sample 
wh ich w i l l b e drawn o r t o t h e i n a b i l i t y t o d e t e r m i n e c e r t a i n c o s t s 
and v a r i a n c e s . 
Due t o t h e v a r y i n g n a t u r e of many a c t i v i t i e s t o which work 
s a m p l i n g i s a p p l i e d , and t o t h e s u b s e q u e n t i n a b i l i t y t o d e f i n e a p o p u ­
l a t i o n which w i l l be r e p r e s e n t a t i v e of f u t u r e p e r i o d s of t i m e , t h e 
c o n c e p t of s e q u e n t i a l s amp l ing s h o u l d be I n v e s t i g a t e d t o d e t e r m i n e 
w h e t h e r o r n o t an a n a l o g o u s scheme can be d e v i s e d f o r d e t e r m i n i n g when 
195 
t o s t o p s a m p l i n g such an a c t i v i t y . 
F i n a l l y , s t u d i e s which would 
i n g t h e s e new s a m p l i n g schemes i n t o 
f r u i t f u l c Methods of p r e s e n t a t i o n , 
v i s u a l a i d s f o r making t h e c o n c e p t s 
m i g h t be t h e aim of such a s t u d y . 
d e a l w i t h t h e p r o b l e m of i m p l e m e n t -
c u r r e n t p r a c t i c e a r e c e r t a i n to be 
i n c l u d i n g f i l m s , s l i d e s , o r o t h e r 
e a s i l y u n d e r s t o o d by p r a c t i t i o n e r s 
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APPENDIX A 
HYPOTHETICAL WORK SAMPLING POPULATION 
The h y p o t h e t i c a l p o p u l a t i o n d e p i c t e d i n t h i s a p p e n d i x c o n s i s t s 
of f o u r s u b j e c t s engaged I n an a c t i v i t y compr i sed of t h r e e e l e m e n t s 
( o r s t a t e s ) o These e l e m e n t s a r e I d e n t i f i e d as f o l l o w s s 
- E l emen t 1 , P - 0 o l 6 5 0 
2 - E l emen t 2 , ? 2 - 0 o 2 5 7 0 
Q - E lemen t 3 , ? 3 = 0o5780 „ 
The o v e r a l l l e n g t h of t h e a c t i v i t y i s 4-800 c o n s e c u t i v e c l o c k m i n u t e s , 
t h e e q u i v a l e n t of t e n r e g u l a r work d a y s . The a s s i g n m e n t of an e l e m e n t 
t o each o f t h e 4800 x 4 - 1 9 , 2 0 0 m a n - m i n u t e s has been done a r b i t r a r i l y , 
wh ich i n no way a f f e c t s t h e u s e of t h e a p p e n d i x i n t h e s t u d y . The d i s ­
t r i b u t i o n of t h e man-minu te s o c c u p i e d by each of t h e e l e m e n t s o v e r d a y s , 
h o u r s , and s u b j e c t s was c a r r i e d o u t I n a manner which I l l u s t r a t e s t h e 
c o n c e p t s of s t r a t i f i c a t i o n and c l u s t e r i n g d i s c u s s e d i n C h a p t e r s IV and V. 
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ACTIVITY ARRAY IN MINUTES FOR WEEK K DAY 1„ HOURS 1 - 8 
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ACTIVITY ARRAY IN MINUTES FOR WEEK 1, DAY 3 , HOURS 1 - 8 
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ACTIVITY ARRAY IN MINUTES FOR WEEK l s DAY 4 , HOURS 1 - 8 
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ACriVIT-' ARRAY IN MINUTES FOR WEEK I,. DA7 5 , HOURS 1 - 8 
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ACTIVITY ARRAY IN MINUTES FOR WEEK 2 , DAY 1, HOURS 1 - 8 
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ACTIVITY ARRAY IN MINUTES FOR WEEK 2 , DAY 5 , HOURS 1 - 8 
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VITA 
Vernon Eugene McBryde was b o r n F e b r u a r y 3> 1933 a t P a l m y r a , L i n c o l n 
County , A r k a n s a s , t h e son of R o b e r t Coy and C l a r a Mae ( n e e C a r l t o n ) McBryde. 
He was t h e second of t h r e e c h i l d r e n . He s p e n t h i s e n t i r e ch i ldhood , i n 
A r k a n s a s , g r a d u a t i n g from G l e n d a l e High S c h o o l , G l e n d a l e , A r k a n s a s , I n May, 
1950» He was v a l e d i c t o r i a n of a c l a s s of t w e n t y g r a d u a t e s . 
His c o l l e g e t r a i n i n g b e g a n i n S e p t e m b e r , 1950*a t A r k a n s a s S t a t e T e a c h e r s 
C o l l e g e i n Conway, A r k a n s a s . I n t e r r u p t e d by t h e Korean c o n f l i c t a f t e r one 
t e r m , he a c c u m u l a t e d a d d i t i o n a l c o l l e g e c r e d i t a t a number of u n i v e r s i t i e s 
d u r i n g a f o u r y e a r e n l i s t m e n t i n t h e Uni ted . S t a t e s A i r F o r c e . Among t h e s e 
were t h e U n i v e r s i t y of Alabama,, t h e U n i v e r s i t y of W i c h i t a , K a n s a s , and 
T r i n i t y U n i v e r s i t y of San A n t o n i o , T e x a s . He was d i s c h a r g e d , i n J a n u a r y , 
1955 w i t h a r a n k of S t a f f S e r g e a n t a f t e r s e r v i n g i n v a r i o u s c a p a c i t i e s of 
management a n a l y s i s work . One y e a r of h i s e n l i s t m e n t was s p e n t i n K o r e a . 
He e n t e r e d t h e U n i v e r s i t y of A r k a n s a s i n J a n u a r y , 1955 a s a s o p h o ­
more i n I n d u s t r i a l E n g i n e e r i n g and r e c e i v e d , t h e d e g r e e BSIE w i t h h i g h 
h o n o r s i n Augus t 1957• D u r i n g t h e summer of 1956 he was employed, a s a 
j u n i o r e n g i n e e r by t h e G e n e r a l E l e c t r i c Company a t L o u i s v i l l e , K e n t u c k y . 
Upon g r a d u a t i o n he j o i n e d t h e I n d u s t r i a l E n g i n e e r i n g s t a f f of t h e C l a r y 
C o r p o r a t i o n (now Reming ton-Rand) a t S e a r c y , A r k a n s a s . 
I n S e p t e m b e r , 1958^ he j o i n e d , t h e I n d u s t r i a l E n g i n e e r i n g f a c u l t y 
a t t h e U n i v e r s i t y of A r k a n s a s a s an i n s t r u c t o r . F o r t h e f o l l o w i n g two 
y e a r s he t a u g h t f u l l t i m e and did. g r a d u a t e work i n I n d u s t r i a l E n g i n e e r i n g . 
He was awarded t h e MSIE d e g r e e i n J u n e i 9 6 0 . Dur ing t h e summer of 1959 
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h e a t t e n d e d t h e N a t i o n a l S c i e n c e F o u n d a t i o n ' s F i r s t Summer I n s t i t u t e i n 
S t a t i s t i c s f o r C o l l e g e T e a c h e r s a t t h e U n i v e r s i t y of Wyoming. The summer 
of i 9 6 0 was s p e n t a s an employee of t h e G e n e r a l E l e c t r i c Company a t t h e 
P i t t s f i e l d , M a s s a c h u s e t t s ? w o r k s . 
He r e t u r n e d t o t h e U n i v e r s i t y of A r k a n s a s i n t h e F a l l of i 9 6 0 a s 
an A s s i s t a n t P r o f e s s o r of I n d u s t r i a l E n g i n e e r i n g . He a t t e n d e d , t h e N a t i o n a l 
S c i e n c e F o u n d a t i o n ' s Second. Summer I n s t i t u t e i n S t a t i s t i c s h e l d i n Iowa 
S t a t e U n i v e r s i t y d u r i n g t h e summer of 1 9 6 1 . He a l s o p a r t i c i p a t e d i n t h e 
Second I n s t i t u t e on E f f e c t i v e T e a c h i n g a t t h e P e n n s y l v a n i a S t a t e U n i v e r ­
s i t y i n Augus t -Sep tember . , 1 9 6 1 . 
He commenced work t oward t h e d o c t o r a t e d e g r e e a t t h e G e o r g i a I n s t i ­
t u t e of Techno logy i n S e p t e m b e r 1961 a s a Ford F o u n d a t i o n F e l l o w . Upon 
f i n i s h i n g t h i s d e g r e e he r e t u r n e d , t o t h e U n i v e r s i t y of A r k a n s a s a s an 
A s s o c i a t e P r o f e s s o r i n I n d u s t r i a l E n g i n e e r i n g . 
The a u t h o r i s mar r i ed , t o t h e f o r m e r Miss N e l l i e F l o r e n c e Sims of 
H a r r i s o n , A r k a n s a s . They have one s o n , C a r l t o n Bryan , b o r n J u n e 1951? 
and. one d a u g h t e r , Pame11a J a y n e , b o r n November 8 , i 9 6 0 . 
